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Editorial Notes. 


THis month we are fortunate in publishing the 
first fully-illustrated account of the excavations at 
Verulamium, which were begun last summer under 
the direction of Dr. Mortimer Wheeler. The historical 
value of the site had been recognized for a long time, 
but only this year was it possible to undertake 
exploration on an adequate scale. In the first place 
the Corporation of St. Albans bought about half the 
Roman city ; later the Crown Commissioners acquired 
further lands, and they have just bought nearly five 
thousand acres of the adjoining Gorhambury estate. 
This immense area is bounded in part by Watling 
Street, the famous Roman road. The excavations are 
of the greatest importance, since it should be possible 
for the first time to acquire extensive information 
on a principal British city before, during and after 
the Roman occupation. The preliminary work has 
thrown valuable light on various matters. We 
reproduce photographs showing the cellar of a small 
shop built in the second century, in which various 
architectural features were discovered. The cellar 
must have been buried during a reconstruction of the 
locality in about A.D. 300, and in consequence it has 
been found in a remarkable state of preservation. 
Its flint walls are still cemented and white-washed, 
and there is evidence of the wooden shelving with 
which they were originally fitted. The importance 
of further excavations is clearly explained by Dr. 
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Mortimer Wheeler. One of the problems to be solved 
is the exact position of the prehistoric metropolis 
which Caesar himself may have entered in 54 B.C. 
A great opportunity will be lost unless further funds 
can be raised for the work, and we hope that as many 
readers as possible will send a donation to the 
Excavation Committee. 
* *K * * * 

The view that there is no doubt about the reality 
of ‘“ ball”’ lightning, a phenomenon which has long 
been questioned, was expressed by Dr. G. C. Simpson 
in a recent lecture at Oxford. Ball lightning is 
probably the most interesting form of lightning 
discharge. The balls appear to fall from the clouds 
or are seen moving along at a slow pace near the 
ground ; they frequently enter houses through open 
and have even appeared mysteriously 
within closed rooms. Their size varies from the size 
of a pea to the size of a man’s head, and they are 
usually circular in shape. The balls do not appear 
to possess heat, for they have been seen to pass among 
the folds of a curtain without leaving any signs of 
burning. They usually disappear noiselessly, but have 
been known to explode with a loud report, doing 
considerable damage. Several accounts of ball 
lightning are recorded by responsible observers, the 
best-known examples being in Rome in 1902 and 


near Toulon in 1929. 
* * * * x 


windows, 


A new type of flint implement has been dis- 
covered in the Milton Road gravel pit at Swanscombe, 
near Northfleet, Kent. This gravel pit is a 
well-known archaeological site, which has already 
produced evidence of considerable importance in its 
bearing upon the cultures of the Lower Palaeolithic 
period in England. Excavations in 1913 revealed 
three strata of gravel at different levels, separated by 
sand and loam. In the bottom gravels the excavators 
discovered rough flakes of flint associated with the 
the straight-tusked elephant (Elephas 
antiqguus). In the middle gravels, ten feet above, were 
a number of hand-axes, some of which are doubtfully 


bones’ of 
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classified as belonging to the Chelles or earliest phase 


of palaeolithic culture. The greater number were 
of the characteristic St. Acheul type of hand-axe, 
representative of the second cultural phase. The 


latest discovery has been made by Mr. R. H. Chandler, 
who found an implement of a new type in the bottom 
gravels which had previously produced rough flakes 
only. It is a kind of chopper made by striking flakes 
from a flint nodule by alternate blows from right 
and left. 
flakes had been struck, together with anvil stones. 
The discovery presents several points of interest. 
This industry has no known parallel either on the 


Associated with it were cores from which 


Continent or in this country, with the possible exception 
of somewhat similar implements found at Clacton- 
on-Sea and at Stoke Newington. 

* *K * * * 


On another page, a new method of telephoning 
from trains is described by the inventor of the system, 
who explains how conversations may now be carried 
on regardless of the speed at which the train is 
The 


place between the 


travelling. most remarkable call so far made 


took 
Research 


chairman of the Railway 


Service in London and another railway 
expert who was travelling at sixty-five miles an hour 
on a train in Canada. This was the first telephone 
call made across the Atlantic from a train. There 
was very little trouble in completing the connexion 
and the reception was perfectly clear. The two-way 
telephone system has after 


The voice of the passenger 


been perfected many 
months of careful research. 
is ‘‘ broadcast ’’ from the train to the telegraph lines 
which run parallel with the track, where it is picked 
up by the normal telephone circuit. 

* * * * * 


Provisional arrangements are announced for the 
centenary meeting of the British Association, which 


The 


who will 


will take place in London next September. 
President-elect is F.R.S., 
deliver the inaugural address at the Central Hall, 
Westminster. 

various 


General Smuts, 
The sectional meetings are to be held 
museums and institutions at South 
thanks to the 
authorities, and the reception headquarters will be 
in the Great Hall of the University of London. The 
Association first met a hundred years ago in York, 


in the 


Kensington, co-operation of the 


and an official party will visit the city to commemorate 
the occasion. Another interest is provided by the 
Faraday Centenary, which will be celebrated under 
the auspices of the Royal Institution a few days 
before the meeting. Those intending to take part 
in the proceedings are advised to make early 


application for membership, as the accommodation 
at the more important ceremonies will be limited. 
* * * * * 


Further observation of the planet Pluto’ has 
confirmed the preliminary views on the nature of the 
object, which was at first disputed among astronomers. 
Professor Henry Russell, who described its discovery 
in our August number, has published further details 
in the Screntific American. The calculations of Dr. 
Crommelin in this country and of Bower and Whipple 
in California are in close agreement, and definitely 
prove its claim to be a major planet. Although the 
eccentricity and inclination are greater than for any 
of the eight principal planets previously known, they 
would pass as moderate among the asteroids, and there 
can be no hesitation in assigning the new body to the 


ninth place among the sun's’ more important 
attendants. There is nothing cometary about it at 
all; its orbit is far too near a circle and it is eight or 


ten times as far away as the distance at which even the 
brightest comets fade out into complete invisibility. 
* *K * * * 

A remarkable discovery affecting the treatment of 
anaemia is claimed by two American doctors. — In 
McClure of 
Princeton states that in this disease the blood-forming 
tissues of the body fail to renew the blood corpuscles, 
Although it 
has been known for some time that an extract of liver 


explaining its” significance, Professor 


which undergo extensive degeneration. 
would determination of 
the active principle in the liver which brings about 
this response has remained a mystery. ‘‘ Dr. West 
and Dr. Howe have made a significant and far-reaching 


activate these tissues, the 


advance. First they isolated from the liver a product 
possessing marked acidic properties, which proved 
highly active when administered to patients with 
pernicious anaemia. From this product they later 
derived a finely crystalline salt, which retains its 
after 
The importance of this result is too obvious to require 


biological potency three recrystallizations.” 
emphasis. 
* * * *K * 

The existence of a solar cult among the Indians 
who once inhabited Colorado is suggested by the 
discovery of some circular stone enclosures to which 
no other purpose can be ascribed. It is thought that 
the enclosures must have had a purely ceremonial 
significance, since their arrangement does not suggest 
a protection against the weather or a possible enemy. 
Their circular shape, and the presence of a central 
monolith, support the suggestion of sun worship, 
although no similar constructions have been found 


elsewhere in south-west America. 
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The Excavation of Verulamium. 


By R. E. M. Wheeler. 
Keeper of the London Museum. 


From an historical stand point the site of Verulamium, near St. Albans, 1s potentially the most important in 


Britain. 


Excavations were begun last summer under the direction of Dr. Wheeler, who describes the first 


results and the great possibilities of the further work which he hopes to carry out in the spring. 


‘In Verolamium, a forgotten Citie, sometimes neeve Saint 
Albones. 
‘Churches that interr’d the dead, 

Here themselves are sepulchred ; 

Houses where men slept and wak'’t, 

Here in ashes underrak’t : 

In a word to allude, 

Here is Corne where once Troy stood ; 

Or more folly home to have, 

Here’s a Citie in a grave. 

Reader, wonder thinke it then, 

Cities thus would die like men, 

And yet wonder thinke it none, 

Many cities thus are gone.’ ’* 
THESE quaint and halting verses, from an anonymous 
work published in the year after Francis Bacon's death, 
epitomize the double interest which draws the visitor 
to Verulamium : the remains of a famous British and 
Roman city, and the pervading “ atmosphere ” of 
In the little church of St. Michael, 
in the very midst of the 
stood,” the image of Francis Bacon, Lord Verulam, 
sits meditatively as he used to sit—" sic sedebat,”’ 


Baconian England. 


fields ‘‘ where once Troy 


according to the well-known words on the pedestal ; 
whilst a charred relics of the 
ornate mansion where he had lived. In St. Michael's 
churchyard is, on the other hand, a part of one of 
the columns of the forum of Verulamium, and other 
remnants of the been 
uncovered from time to time in the garden of the 
Moreover, seventy years ago 


mile away are the 


Roman market-place have 
neighbouring vicarage. 
a theatre—the only Roman theatre hitherto identified 
in Britain—was temporarily exposed and planned a 
hundred yards or so to the northward. Indeed, at 
many points in the surrounding landscape, earnest 
antiquaries and ardent Baconians have, for their 
various purposes, dug intermittently into the soil, 
and the former at least won reward. But 
never until 1930 have organized excavations on 
an extensive scale been attempted here, and it may 
be of interest to record briefly both the purpose and 


have 





* From A Helpe to Discourse, or a Misselany of Seriousnesse 
with Merriment. London, 1627. Communicated to me by 
Miss Joan Evans. 


the origin of the work which is now in progress. 

Historically, Verulamium has three outstanding 
At the time of Julius Caesar’s 
invasions, it was apparently the headquarters of his 
principal opponent Cassivelaunus, and, as such, was 
the nearest approach to a metropolis that south- 
Britain could show. Its pre-eminence thus 
antedates that of London by at least a century. 
secondly, although ultimately surpassed by Londinium 


claims to our attention. 


eastern 


in size and importance, it achieved under the Roman 
régime the highest rank attainable by a provincial 
city—that of municipium or “ municipality.” Thirdly, 
it was the home of the most celebrated of Romano- 
British Alban, 
St. Germanus of Auxerre in the year 429, thus, 
incidentally, providing the only reliable historical 
reference to a British town during the dark period 
following the break with Rome in 410. These three 
historical ‘‘ contacts’ present certain special oppor- 
tunities to the archaeologist, notably (1) the possibility 
of acquiring for the first time extensive 
knowledge of the size and nature of a first-class British 
city on the eve of the Roman conquest; (2) a chance 
of ascertaining (again for the first time) something 
of the economic history of a first-class Romano-British 
city ; and (3) the only clear opportunity in Britain 
of finding out something about the life of a Romano- 
British town after the severance of Britain from 
Rome. Indeed, both historically and archaeologically 
Verulamium is second in importance to no ancient 
site in the kingdom. 


martyrs, St. to whose shrine came 


some 


Preliminary Work. 


The appropriate moment for exploring these various 
possibilities arrived this year, when the enlightened 
corporation of St. Albans acquired nearly one half of 
the Roman city ; subsequently the Crown has bought 
a considerable slice of the adjacent country. Lord 
Verulam himself has also offered every facility for 
archaeological work; and the accompaniment of 
these fortunate coincidences was the formation of a 
Verulamium Excavation Committee under the 
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VERULAMIUM: GENERAL VIEW OF THE “ LONDON GATE.” 


In the foreground are seen the foundations of one of the flanking towers of the ‘‘ London Gate,”’ which dates from the 
second century A.D. The workmen in the middle distance are standing on the two main roadways through the gate. 


presidency of the Marquess of Salisbury and the 
chairmanship of the President of the Society of 
Antiquaries (Mr. C. R. Peers). Accordingly, during 
August and September an intensive preliminary 
programme of work was carried out, with results that 
may here be summarized. 

To-day the most obvious vestige of the Roman 
city is the line of its defences—two miles in length 
and enclosing an area of two hundred acres. 
Excavation has now shown that these defences were 
constructed about A.D. 120-140, approximately at 
the time when Hadrian’s great frontier-wall was 
being built in the north, when the city of Uriconium 
in Shropshire was erecting its forum, and when towns 
such as Alchester in Oxfordshire were likewise girding 
themselves with walls. It was a period of consolidation 
rather than of military prowess, but of consolidation 
on a lavish scale. The emperor Hadrian had at heart 
not merely of the permanence of Rome in matters poli- 
tical and military, but also the majesty and dominion 
of that great classical culture of which Rome was the 
effective heir. And, after eighteen centuries, the huge 
defences of Verulamium impress the visitor less, 


perhaps, as a mere military work than as an imperial 
gesture on the grand scale. The wall of flint and 
brick, 10 Roman feet wide at the base, backed by a 
bank 45 or 50 feet wide, and fronted by a fosse no less 
than 80 feet broad, was indeed a formidable defence : 
but its main southern gateway—the gate which faced 
London, astride the Watling Street—was of that 
expansive, monumental type to which the greater 
Augustan cities of Gaul have accustomed us. Set 
between two projecting round-fronted towers, the 
fourfold opening reminds us of the Gate of 
Augustus at Nimes, or of the two _ up-standing 
gates at Autun. It savours something of the 
arch of triumph, and its construction may be 
thought to have synchronized rather with a phase 
of successful domination than with one of insecurity 
and precaution. 

The “London Gate” was approached by the 
long-derelict Roman Watling Street which, as 
uncovered 150 yards outside the gate, is found to have 
begun as a 10-foot road of concrete and, after various 
remodellings, to have ended as a well-cambered but 
loosely metalled road 30 feet across. At the gateway 
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itself are traces of a road which may be of still earlier 
origin. During the seventy or eighty years in which 
the Roman city had existed before the building of 
the Hadrianic defences, the site of the gateway was 
not unoccupied. At least one Roman house, with 
cement floors and timber walls, had stood here, 
alongside a cobbled street which likewise underlay 
the structure of the gate. The street-paving had 
been laid upon the natural surface of the ground 
and, as presumably the first Roman Watling 
Street, is perhaps the oldest paved road yet found 
in Britain. 

Within the circuit of the Roman defences, two 
streets and two buildings were identified during the 
season. One of the buildings was a dwelling-house, 
built of timber, with floors of clay or gravel, during 
the early years of the Roman occupation and rebuilt 
with flint foundations early in the second century. 
The rebuilt house had at least two well-laid 
floors of mosaic, of which one has survived intact. 
This, the floor of an apsidal room _ projecting on 
to one of the streets, bears an elaborate  scallop- 
shell pattern which illustrates the bold use _ of 
contrasted colours characteristic of the earlier and 
better mosaic-workers. This pavement has _ since 
been raised, and will ultimately find a place in that 
“ Verulamium Museum” which it is now necessary 
to envisage. 

Later, about A.D. 300, the house was again rebuilt, 
and alongside it was erected a structure of timber, 
with nave and aisles like a medieval barn, and over 
ten bays in length. This structure may in fact have 
been a barn or warehouse; but it also somewhat 





SCALLOP-SHELL MOSAIC. 


This mosaic floor, discovered in a house of early second century date, bears an 
elaborate pattern carried out in bold colours. 
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CELLAR OF A ROMAN SHOP. 


The door-sill of the cellar still intact, and the back wall contains sockets for 
shelf-brackets. On the right is a millstone. 


resembles certain aisled or ‘‘ basilical ’’ dwelling-houses 
which were built in southern Britain during the third 
or fourth centuries, and may be referable to German 
prototypes. However that may be, one point of 
interest was clear about this and other late buildings 
at Verulamium : the standards of construction show 
a marked deterioration under the later Empire, a 
feature which accords with evidence already obtained 
from Uriconium and other Romano-British towns. 
At Verulamium, the process of degradation (in the 
very restricted area already explored) is carried yet 
a stage further by a final reversion to floors roughly 
patched with clay, more primitive in character even 
than the floors of the earliest hutments. This process 
of apparent economic or cultural devolution in 
Romano-British urban life has wide _ historical 
implications, and will be examined further as the work 
of excavation proceeds. 

Of greater architectural interest was a small building, 
probably a shop, which fronted upon an adjacent 
street. At the back of this building, and forming 
part of it, was a cellar which, built in the second 
century, had been disused and buried during a general 
reconstruction of this area about A.D. 300. Its early 
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burial had preserved it almost intact. Its flint walls 
were still cemented and white-washed, and bore upon 
them the evidences of the wooden 
which they had been fitted. 
sockets for former timber-framing, and two large 
crevices in one of the walls had held the massive 


shelving with 
Two doorways bore the 


supports possibly of a crane for lifting heavy jars 
or bales out of the cellar. But most 
of all was a which 
the walls—a rare survival in Romano-British archi- 


interesting 
window remained in one of 


tecture. Jambs and _ sill were 
indicated 
timber sill or frame which doubtless held wooden or 
iron bars. 

After fulfilling its original purpose for a time, 
the cellar was usel as a rubbish-dump, and was 


filled with bric-a-brac of second and third century 


widely — splayed, 


and_ sockets the former presence of a 





date—great quantities of pottery both of Gaulish 
and of native manufacture; pipe-clay_ statuettes 
of Venus, perhaps from some domestic. shrine; 
coins, trinkets and a much-worn millstone which 
can be seen, still lying upon the floor, in the 
photograph reproduced on the _ previous page. 
Eventually, the whole dump had been carefully 


levelled and sealed by means of a laver of clean 





SHOP CELLAR WINDOW, 


This view shows the whitewashed jambs and sill, the latter cut back as a seating 
for a blocking inserted in Roman times. Above the masonry sill are the sockets 
for a timber sill or fram work. 


saith koi che) idstie tsi ole sce MRS 





WATLING STREET. 


Foundations of a second century gate-tower at Verulamium. The cobbled 
surface of Watling Street, which ran across the site before the gateway was built, 
is seen in the foreground. 


sand containing only a few coins of the latter part 
of the third century. 

So much, in the meantime, for the interior of the 
Roman city. Outside the walls lay the cemeteries, 
of which one was discovered and partially explored 
near the site of the north gate. But our excavations 
had thus far failed to throw light on one important 
problem—the problem of the whereabouts of the 
prehistoric metropolis which Caesar himself may have 
entered in 54 B.c. In pursuing this problem, we 
directed our attention to an outlying earthwork which 
butts upon the north-western side of the Roman 
defences. Here towards Praewood are, as excavation 
showed, two sides of a large fortified enclosure which 
partly underlies the northern end of the Roman city. 
Its defences consisted of a bank and ditch, each 
50 feet wide, and the bank was revetted on its inner 
side with a vertical wall of turves. In the material 
of the bank was no Roman but much late prehistoric 
pottery ; from which it may be inferred that the 
defences are either themselves of late prehistoric 
date or, at the latest, were constructed by the Romans 
at the time of their arrival and before Roman potsherds 
had begun to litter the site. Whichever inference be 
proved by further exploration, this much is already 
clear from the abundance of prehistoric pottery on 
this site: here or hereabouts, on the higher ground 
to the north-west of the centre of Roman Verulamium, 
lay the prehistoric Verulamium which was for a 
time the greatest of British cities. If the Verulamium 
Excavation Committee receives the financial support 
which the magnitude of the work in front of it demands, 
the investigation of this and other problems will be 
resumed next spring. 
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Telephoning from Trains. 
By J. C. Burkholder. 
Chief Engineer of the Canadian Nattonal Telegraphs. 


A system inaugurated this year by the Canadian National Railways makes it possible for the first tume to 
telephone to and from moving trains simultaneously. The inventor here describes the system, which marks 
an important step forward from a method of communication already employed in German trains. 


THE train telephone system inaugurated this year 
by the Canadian National Railways is the first two-way 
circuit to be established on a moving train. The 
invention is not unique, for a system of this kind 
was inaugurated some time ago in Germany and is in 
use on trains there. Voice transmission from German 
trains, however, is a process, and 
switching over from speaking to listening, the two 
processes being very difficult to carry out at the same 
time. The method developed in Canada is somewhat 
different, and it is believed to be the only system 
of its kind in operation outside Germany. 


slow involves 


The Exchanges. 


Communication is provided between a _ telephone 
set on a moving train which, with its associated 
equipment, is called the train station, and a telephone 
set in a building on the railway line, and adjacent 
to the telegraph lines, which is called the terminal 
station. 
of course, an operator’s set, or a ‘‘ central,’’ for it is 
at this point that the long distance telephone lines 
are connected to the new system. Each _ station 
consists of a transmitter and receiver, a circuit for 
connecting these to a telephone, the necessary power 
supply and antennae systems. It was found necessary 
to have separate transmitting and receiving antennae 
at each station. At the terminal station, use is made 
of the telegraph lines running parallel to the railway 
tracks for this purpose. Half the wires are used for 
the transmitting and half for the receiving antennae. 
These are connected to the transmitting and receiving 
sets through special filters, so that there is no inter- 
ference between the new system and any telegraph 
or telephone equipment already operating over these 
wires. In other words, telegraph wires already loaded 
with telegraph messages and telephone conversations 
are also used to carry the high frequency currents 
employed in the new system. At the train station, 
the antennae consists of two groups of four parallel 
wires on the roof of the car. It is considered that 


this is a distinct advantage over the German system, 
* 


The telephone set at the terminal station is, 


which has an antennae extended over the tops of 
several cars necessitating the use of complicated 
coupling devices to allow the cars to be separated. 
Considerable difficulty was experienced, however, in 
working such short antennae at the low frequencies 
used, and special loading coils had to be employed 
in order to transfer sufficient energy between the car 
and the telegraph lines. Incidentally, the receiving 
antenna is also used for the simultaneous reception 
of broadcast programmes. 

The equipment at terminal and train stations is 
almost identical. The transmitting unit comprises 
a voice frequency amplifier and blocking circuit, 
low frequency oscillator and modulator, band pass 
filter, and high frequency oscillator and modulator. 
This is coupled to a fifty-watt power amplifier by a 
double-tuned circuit. On the train, the power 
amplifier output is coupled to the antenna and at the 
terminal to Different carrier 
frequencies are used for the car and terminal. 


the telegraph line. 


Two-way Transmission. 


Satisfactory one-way transmission, from the train 
to the terminal station or vice versa, has been secured 
by using a single antenna on the car and a switch 
for talking and listening. In early tests, however, 
as soon as it was attempted to speak both ways at 
once it was found that the transmitter paralyzed the 
receiver at the same station. This was overcome bv 
using two antennae at each station, utilizing special 
filters between them and the sets and sharply tuning 
the two car antennae. By this means, satisfactory 
two-way or duplex communication was obtained, 
although special means had to be employed to connect 
the system to the ordinary telephone. The power 
necessary to operate the various parts of a set is 
obtained from a small motor generator. At the train 
termina], this is driven from the car storage batteries, 
and at the terminal station from the r10-volt lighting 
circuits. The generator is a multiple winding machine, 
and supplies the potentials for the plates and filaments 
of the vacuum tubes, the telephones and the signal 
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circuits. This provides a 
complete self-contained set 
which, incidentally, has been 
so designed as to take up a 
minimum of car space. 

In order to transmit the 
voice frequencies between 
the train and the terminal 
without a_ physical 
nexion, it is necessary to 


COn- 


employ some medium which 
will carry the voice 
frequencies between the two 
points. This is accomplished 
by varying the amplitude of 
frequency current, 
effectively 


a high 
which can be 
radiated by an antenna, so 


that the envelope or wave 
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train telephone system 
differ from the tuned circuits 
employed in radio sets, in 
that, in a tuned circuit, 
the circuit is resonant or 
responds to one frequency 
much better than any other. 
On the other hand, the 
band-pass filter offers very 
little attenuation or loss 
to a certain’ band of 
frequencies (say 25.8 to 28.2 
kilocycles, as in this system) 
and a very high attenuation 
to frequencies above and 
below this band. The 
directional filter offers very 
little attenuation to 
frequencies on one side of a 


shape of the high frequency certain frequency (cut-off 
current corresponds to the frequency) and very high 
frequency current. This attenuation on the other. 
process is called ‘ modu- Where the frequencies 
lation.” In an_ ordinary passed are lower than the 
radio set, the modulated cut-off frequency, the filter 
high frequency current is a a | is called ‘‘ low pass.’ When 
. — lhe author, who is the inventor of the telephone system here described, . 
picked up by the receiving is seen connecting a transmitting lead-in to the roof of a train. the frequencies passed are 
antenna, is amplified, higher than the _ cut-off 
rectified, or ‘‘ demodulated ’’ and then amplified again frequency, the filter is called “high pass.’ It is 
at voice frequency. Somewhat the same process necessary to give this description so that the sequence 


takes place in the train telephone system, but there 
are additional features, such as carrier suppression, 
double modulation, and the fact that only a portion 
of the products of modulation are radiated from 
the antenna, which are rendered the 
special nature of the problem. 


necessary by 
The modulation process is called a “ carrier trans- 
mitted ”’ The 
modulation are the original carrier, the upper side-band 
and the lower side-band. Thus, if a carrier frequency 
of 100 kilocycles is modulated by a voice frequency of 


system. three major products of 


1,000 cycles, the products of modulation are the 
original carrier frequency of 100 kilocycles, the upper 
side-band of ror kilocycles, and the lower side-band 
of 99 kilocycles. It is not necessary for the trans- 
mission of the voice frequencies that these three parts 
should be transmitted. The carrier can be eliminated 
at the transmitting end and supplied at the receiving 
end by a local oscillator ; further, either one of the 
side-bands can be eliminated without detriment to 
the received speech. It is on account of the single 
side-band feature that double modulation is used. 
The band filter and directional filters used in the 


of operations which follows may be understood. 

The output from the subscriber’s telephone is 
amplified in the transmitting voice frequency amplifier 
The 
blocking circuit associated with the amplifier makes 
the receiving circuit inoperative during the talking 
period. 


and passes to the low frequency modulator. 


A frequency of 28.6 kilocycles is also impressed 
The action of the modulator 
is such that the carrier frequency of 28.6 kilocycles 
is balanced out, leaving the upper and lower side-bands 
as the major products of modulation. 


on the modulator grids. 


The band-pass 
filter, which follows the low frequency modulator, 
allows the lower side-band to pass with an attenuation 
of six decibels, while offering a loss of 20 decibels to 
the carrier frequency of 28.6 kilocycles, and a still 
attenuation to the upper side-band. The 
process of modulation is repeated in the high frequency 
modulator, where a carrier frequency of 102 kilocycles 
or 152 kilocycles (depending on whether the set is 
for terminal or train use), is modulated by the lower 
side-band of the first modulation. The lower side- 


higher 


band of the second modulation is selected by the 
high frequency 


tuned circuit, which couples the 


es 
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modulator to the power amplifier. The amplifier is 
composed of a low power linear amplifier, working 
into a high “‘ C ” biased 50-watt power tube. 

When it is considered that the output power from 
the transmitter is roughly two hundred million times 
the input power to the receiver, it is obvious that 
some means must be taken to separate the transmitted 
speech from the received speech, and also that the 
filters used for this purpose must necessarily have 
a complicated structure. The difficulties are further 
increased because the receiving antenna cannot be 
at any great distance from the transmitting antenna 
on account of the physical and electrical limitations 
of the radiating surfaces. If filters were not provided, 
there would be considerable side-tone, and the slightest 
coupling between the output of the receiver and 
the input of the transmitter would be sufficient to 
start the whole circuit into oscillation. The blocking 
circuit, further, removes any tendency towards 
side-tone. 

The car antenna consists of seven strands of copper 
wire, strung on insulators about twelve inches above 
the car roof. The three centre strands are used 
for transmitting and the other four wires for receiving. 
Both transmitter and receiver are coupled to their 
respective antennae by variometers which provide 
very sharp tuning of the antennae. A ground is 
made to the steel trucks of the car. At the terminal, 
the transmitter and receiver are coupled by loading 
inductances and condensers to separate pairs of wires. 
The separation of 
the transmitting 
and receiving 
antennae and the 
line helps consider- 
ably to reduce the 
interference 
mentioned above. 
From the coupling 
equipment, the 
received signal 
passes to a direc- 
tional filter which, 
on the terminal 
set, passes all 
frequencies below 
80 kilocycles and, 
on the train set, all 
frequencies above 


Communications with moving trains pass between an exchange on the train and a set called the 
terminal, illustrated above, which is housed in a building on the railway line. 


100 kilocycles. 
The directional 
filter is followed 
by a_ band-pass 





A “ TERMINAL” TELEPHONE EXCHANGE. 


filter and a two-stage tuned amplifier. The output 
of the amplifier feeds into the double demodulator. 
The demodulator accomplishes the reverse process of 
that performed by the low frequency modulator and 
high frequency modulator on the transmitted signal. 
The output of the last stage of demodulation passes 
through a low pass filter to the receiving voice 
frequency amplifier where it is again amplified. Both 
the high frequency and the voice frequency receiving 
amplifiers have gain controls, so that the received 
level can be maintained at the proper value. 

The signal control circuit is arranged to notify the 
operator when a call is being placed from the other 
end, and also to place the transmitting equipment 
automatically in operation. Thus, when the telephone 
operator desires to establish a connexion with the 
train, she operates a ringing key, connecting the 
ringing current with the telephone line between the 
telephone exchange and the terminal. The ringing 
current operates the signal control circuit at the 
terminal and rings a bell, notifying the terminal 
operator. The same operation turns on the terminal 
transmitter. A second ringing impulse from the 
telephone operator is transmitted to the train, where 
it rings a bell and turns on the transmitter, in the 
same manner as at the terminal. The procedure for 
calling in the opposite direction is similar. The train 
operator, after turning on the transmitter, operates 
the ringing key, which connects the ringing current 
with the transmitter. This is received at the terminal, 
operates the signal 
control circuit, 
turns on the trans- 
mitter and notifies 
the terminal opera- 
tor. The same 
ringing impulse 
is received at 
the telephone ex- 
change and notifies 
the operator to 
come in on _ the 
circuit. Both the 
terminal and train 
operators  super- 
vise the telephone 
conversation. 
The (terminal 
operator can call 
and speak to the 
train operator or 
exchange operator 
if necessary. 
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The Wandering of Plants. 


By A. C. Seward, Sc.D., F.R.S. 


Professor of Botany in the University of Cambridge. 


Darwin spoke of geographical distribution as “‘ almost the keystone of the laws of creation’’: he paid special 
attention to the means by which geographical distribution is effected, that 1s to the dispersal of plants by natural 


| agenctes. 


A recently published book on the dispersal of plants 1s constdered by Professor Seward to be the 


most important contribution so far made to this subject. 


ONE of the more obvious characteristics of the majority 
of plants as compared with animals is the lack of 
special organs of locomotion: a tree spends its life 
where the seed germinates. It is true that many 
plants with creeping stems are rapid colonizers of 
fresh ground ; but in a general sense it is only among 
the microscopical representatives of the vegetable 
kingdom which live in water that we find examples 
of motile forms. Trees, shrubs and herbs not only 
thrust their roots and branches through the soil and 
into the air, but the movements of their several parts 
are manifestations of response to various external 
stimuli. As a whole, however, most plants may be 
described as sedentary organisms. On the other 
hand, if we accept the conclusion that each species 
originally appeared at one place on the earth’s surface, 
it is clear that plants are able to wander far 
afield. They can be carried bodily by such transport 
agents as wind, animals, and water; or they 
produce fruits, seeds, or special detachable parts 
which, by virtue of various structural features or 
through power of resistance to desiccation, to the 
effects of sea-water or the digestive juices in an 
animal’s intestine, can be carried longer or shorter 
distances from the stationary parent. Some plants 
are almost cosmopolitan and flourish equally well 
under very different climatic conditions; others 
have a restricted range and are recorded only 
from a few localities on a continent or from a single 
island. 


Geographical Range. 


The geographical range of plants presents many 
problems: how can we account for the striking 
contrasts in distribution of plants which so far 
as we can see are equally capable of spreading ? 
There are many factors involved—competition, 
range of accommodation to different environments, 
relative antiquity, and others. Dr. Willis in his 
book “ Age and Area” put forward the view 
that as a general rule the wider the range of a plant, 
or a collection of species of a genus, in space, the 


greater the antiquity. Dr. Ridley* shows that in 
many instances this cannot be adopted as a guiding 
principle. Many ferns which have now a restricted 
range are known to be closely allied to extinct species 
which were very widely distributed in former ages, 
while on the other hand, some of the common ferns 
of the present day appear to be relatively recent 
products of evolution. It is obvious that the capacity 
of a plant to wander from its original home is closely 
correlated with the possession of fruits and seeds 
suitable for transport by wind, animals, or water. 
In other words, by the dispersal of plants, we mean 
the methods by which travelling is rendered possible : 
to some extent at least, the distribution of a plant 
depends for transport by natural agencies upon the 
suitability of the whole plant-body or of specialized 
parts which are readily detached. 


Many Factors. 


Dr. Ridley is primarily concerned with methods of 
dispersal, but he is fully alive to the fact that there are 
many other factors which determine geographical 
range. Readers of the “Origin of Species’ are 
familiar with the emphasis given by Darwin to the 
question of plants as travellers, and the experiments 
and observations he made to test the efficiency of 
methods of dispersal. In one of his letters, Darwin 
wrote: “‘ The hawks have behaved like gentlemen 
and have cast up pellets with lots of seeds in them ” ; 
and in another letter to his friend, Hooker : ‘‘ Hurrah ! 
a seed has germinated after 214 hours in an owl's 
stomach.’ He came to the conclusion that “ during 
the vast geographical and climatal changes which 
have supervened since ancient times, almost any 
amount of migration is possible.” 

Everyone knows that spores of the lower plants, 
fungi, ferns, etc., and the seeds and fruits of many 
flowering plants, are blown long distances by wind 
by reason of their lightness; that winged and plumed 


*‘‘ The Dispersal of Plants throughout the World.’’ By 
H. N. Ridley, M.A., C.M.G., F.R.S., late Director of the Botanic 
Gardens, Straits Settlements. (L. Reeve & Co. 63s.) 
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seeds are well adapted to transport by wind. It is 
also common knowledge that running water, whether 
the rain-wash on the slope of a bank by the roadside, 
a glacial stream in the Alps, or currents in the sea, 
carry smaller plants and the fruits and seeds of larger 
ones, it may be a few yards or it may be several hundred 
miles. It is a familiar fact that birds and other 
animals scatter plants either by eating the fruits and 
ejecting the seeds unharmed, or by acting as passive 
agents in the carriage of fruits and seeds adhering 
to fur or feathers. Botanical literature, books of 
travel, and letters in the Press provide innumerable 
instances of the ways in which travelling is accom- 
plished. There is still much to be done by careful 
observation of the distances to which fruits and seeds 
capable of germination can be carried from the parent 
tree. One result of Dr. Ridley’s untiring energy should 
be to stimulate naturalists, whether trained botanists 
or not, to make first-hand contributions to an 
exceptionally attractive subject. 

There are endless possibilities: the colonization 
of ground recently laid bare; the use of aeroplanes 





FRUITS DISPERSED BY ADHERING TO ANIMALS. 


Ne eee - ————— _ —_— 


provided with glass plates smeared with glycerine 
to catch spores or light seeds floating far above the 
ground; the collection of plants on the roofs of 
buildings, on pollard willows, or on the boughs of a 
tree felled in a tropical forest. Dr. Ridley gives many 
instances of plants bodily transported by the wind. 
He may be glad to have his attention called to an 
account of certain plants that are denizens of the 
sandy steppes, which Mr. W. R. Rickmers gives in 
his book, ‘“‘ The Duab of Turkestan ’”’: some of them, 
this writer says, are “ like captive balloons anchored 
to the ground by a single root many of these 
balls, often measuring six feet across, become detached 
when the winter gales are blowing. Bounding through 
the air, joining others and gripping them in tight 
embrace, forming gigantic spheres as they roll over 
the sand, they career through the howling steppe like 
ghoulish phantoms shrouded in their tunics of storm- 
swept dust, leaping fantastically to the shrill music 
of a thousand demons galloping through space on 
the manes of the wind.”’ 

It is clearly impossible to attempt even a brief 
summary of Dr. Ridley’s life- 
work: his book is the most 
important and the most com- 
prehensive contribution so _ far 
made to the subject of plant 


dispersal. He by no means con- 
fines attention to means of 
dispersal. An introductory 


chapter is followed by a series 
of chapters dealing very fully 
with dispersal by wind, by 
animals, by water and by other 
agencies; numerous. references 
are given to original sources, and 
statements quoted are _ often 
subjected to criticism based on 
the author’s personal observations. 
Attention is called to the fact 
that many plants, e.g., the com- 
mon reed (Phragmites Communtis), 








the shepherd’s purse (Capsella 
busa-pastoris) and a_ host of 
others are not disseminated by 
one method but by — several 
according to circumstances. 
While it is safe to assert that 
certain plants owe their dispersal 
to some one method, it is often 


This plate, reproduced from Dr. Ridley’s book, shows (1) A Chinese and Japanese plant (Trapella sinensts) which . ail : 
gues th ines, The spines on the fruit probably adhere to ducks, also, it is suggested, to fish and other animals. impossible to Say that such and 
(2) A South African fruit (Harpagophytum prostratum) provided with strong recurved hooks. (3) A Madagascan 


fruit (Uncarina peltatum) which readily adheres to the skin or hair of passing animals. 
plant (Proboscidea fragrans) introduced with mule forage into South Africa during the Boer War. (5, 6) The fruit 
of a Rosaceous plant, Acaena millefolia, showing a complete fruit and a single barb. 


(4) ThefruitofanAmerican such a species usually travels 


(Concluded on page 408.) 
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A Footnote to the American Revolution. 





By J. A. Benn. 


Iwo record books of the late eighteenth century have been discovered recently at Princeton. 
thrown on certain incidents in the Revolutionary War and also on university life one hundred years ago. 


FEW towns connected with the War of Independence 
have more interesting associations than Princeton, 
now famous for its university, one of the oldest in the 
United States. The College of New Jersey, as the 
university was originally called, was granted a 
Royal Charter in 1748 by George II, and was 
already a flourishing institution when the Revolution 
broke out later in the century. Situated half-way 
between New York and Philadelphia, Princeton lay 
naturally in the path of the opposing troops. The 
principal building, Nassau Hall, was used as barracks 
and hospital by the British and Hessians, and later 
by every passing body of American soldiers. Nearly 
ten years elapsed before the university authorities 
regained full possession of the building and could 
repair the damage caused by the war. During the 
decisive Battle of Princeton, on 3rd January, 1777, 
the Hall changed hands three times, the British troops 
who held it at dawn being driven out by Washington’s 
victorious army, before the building was again 
reoccupied by the British during their retreat. The 
town continued to be prominent in the affairs 
of the new nation, and preliminary discussions on 
the Declaration of Independence took place within the 
university walls, 


A Dusty Vault. 


It is not surprising that many historical discoveries 
have been made at Princeton. Old books and 
manuscripts, long forgotten in dark corners or on 
dusty shelves, are still sometimes found, and another 
discovery of this kind has recently been made in 
Stanhope Hall. Clerks engaged in cleaning out an 
old vault in this building found some books and 
papers of great interest relating to the Revolutionary 
period. The story is given in the university journal, 
the Princeton Alumni Weekly, to which we are 
indebted for the following details. 

One volume is an account book of the Steward of 
Nassau Hall, concerned solely with Princeton, while 
the other is identified both with the Continental Navy 
during the Revolution and with the College of New 
Jersey from 1819 to 1827. This double connexion 
emphasizes not only the part Princeton played 


New light is 


during the early days of American government, but 
also the financial straits in which the university 
found itself at that time, and which induced the 
authorities to make use of a discarded navy account 
book. 


The Steward’s Accounts. 


During the early nineteenth century all under- 
graduates were required to take their meals at the 
refectory, which had recently been moved from 
the basement of Nassau Hall to a separate building 
where the Library now stands. The refectory was 
operated by the Steward of Nassau Hall, a title which 
persisted even after the location of the dining room 
was changed. The first of the books recently discovered 
shows the accounts of six Stewards, and covers 
the period from 1803 to 1817. It reveals the fact 
that the cost of board for everyone was a dollar 
and a half a week, except for divinity students, 
who were charged only a dollar. The money was 
usually given to the President of the College by the 
parents or students and was paid by him to 
the Steward, but there also are a few entries for direct 
cash payments. This book is of great value to the 
university because it lists all men in residence at 
the time. Accurate records have always been kept 
of graduates, but until about twenty years ago no 
concentrated effort was made to learn who were the 
non-graduates. 

The second book is of even greater interest than 
the refectory ledger. It starts off as an account book 
of the Navy Board of the Middle District for the 
years 1780 and 1781. About half the pages were 
used in this way, leaving two or three hundred blank 
sheets in a neat, leather-bound volume. Somehow 
the book found its way to Princeton, and the hard- 
pressed university authorities, seeing its usefulness, 
appropriated it to record the circulation of the library. 
Because of the double purpose which it served, the 
book holds between its covers a record of the kind 
of reading engaged in by students more than a hundred 
years ago, and at the same time tells much of the 
story of the American Navy towards the end of the 
Revolution. 
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Before the establishment of a Navy Department, 
corresponding to the British Admiralty, the naval 
affairs of the United States were administered by a 
marine committee, with two subsidiaries known as 
the ‘‘ Navy Board of the Middle District *’ (Phila- 
delphia), and the ‘“‘ Eastern Board” (Boston). The 
long-forgotten book contains a record of certain 
business transactions of the Middle District Board 
for the years 1780 and 1781, with two back-entries 
for 1779. This period was one in which the American 
Navy met with reverses which reduced it from ten 
ships of war to three. The entries have to do chiefly 
with wages for officers, seamen, and marines, but the 
bold round hand of the Navy Board’s scrivener has 
also left traces of a few more colourful items. 


A Frigate’s Adventures. 


It is particularly interesting to trace in the accounts 
the fortunes of the frigate Confederacy from the time 
it sailed from Philadelphia in 1779, bound for Europe 
with a diplomatic party including John Jay and the 
French Ambassador Gerard, until it was captured 
in April, 1781. The vessel had proceeded half-way 
across the Atlantic on her diplomatic mission when 
she was unmasted by a storm. Unable to continue 
with safety, she headed for Martinique in the West 
Indies, where repairs from French allies might be 
expected. It was difficult to get suitable masts at 
Martinique, and the frigate was obliged to stay in 
port for six months. Jay, feeling sorry for the unpaid 
crew, advanced them money from his own salary—and 
three arrests for disorderly conduct and one duel 
promptly resulted ! The diplomatic party eventually 
secured passage to Europe on a French ship, and 
the Confederacy returned to America with makeshift 
repairs. 

The vessel lay in the Delaware River below 
Wilmington from May until November, 1780, waiting 
for the Navy Board to raise enough money to refit 
her, and when she was finally ready for sea the officers 
were obliged to resort to every legal and illegal means 
to replenish the crew, sadly depleted by sickness 
and desertion. There was a rendezvous before the 
ship sailed, and apparently music was resorted to 
for the purpose of securing enlistments. One of the 
entries in the ledger is: ‘“‘ To cash paid the Drummer 
and Fifer at the Rendezvous by Lt. Gregory’; and 
later ‘“‘ To ditto paid the Fiddler for playing at ditto 
by do.’”’ The Fiddler, the Fifer, and the Drummer, 
though they cost the Confederacy {60, were apparently 
unsuccessful, for later entries on the accounts of 
Captain Hardy and Lieutenant Gregory, the ship’s 
marine officers, mentioned expenditures “‘ for searching 
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’ 


after deserters at Port Penn.’ 
was known in former times as “a resort of sailors and 
very immoral.”’ Hardy and Gregory recaptured what 
deserters they could, but they had a new idea—that 
they might fill 


This Delaware village 


their ranks by offering to take 
deserters out of jail, satisfying the civil authorities by 
paying the turnkey’s fees. There are four entries of 
this sort. 


‘ 


In the book was found a scrap of paper with “ These 
men came on board ’’ and ten names scribbled on it. 
In those days to ‘“‘come on board” might mean 
enlistment or it might mean a pr.iiate party. It is 
known that at about the date mentioned on the 
scrap of paper ten men were impressed by the 
Confederacy, and it is quite possible these are the ones 
who joined the navy, but without the traditional 
enthusiasm for seeing the world. In one way or 
another the full complement of 260 men was made up, 
and the frigate dropped down the river. She made 
for the West Indies, having the good luck to capture 
a merchantman on the way. Her two months’ stay 
at Cape Francois is attested to in the book by the 
entry “ By cash received of Monsr. Lavand at Cape 
Francois, £450.’ This was possibly some share of the 
prize money turned over to the Navy Board by the 
French admiralty court in which the Confederacy’s 
capture was tried. 

While off the Delaware Capes on the return trip 
to Philadelphia the vessel was. surprised and 
captured by two british ships, and was _ forced 
to strike her colours without firing a shot. The ship 
was taken to the harbour of New York, then in the 
hands of the English, her master was paroled, and a 
large number of the crew were sent to the rotting 
prison ship Jersey. This left the Continental Navy 
with but three vessels of war. One of these, the 
28-gun frigate Zvumbull, had suffered an unpleasant 
experience at the hands of the British the previous 
summer, and was still lying off Philadelphia being 
repaired as funds became available. The record of 
over {10,000 for labourers is probably for repair work 
on both the Trumbull and the Confederacy. 


Currency Data. 


A particularly interesting circumstance about the 
Navy Board accounts is that the depreciation of 
currency made it necessary to reckon the specie 
value of Continental money according to the date 
at which payment should have been made. Thus, for 
March, 1779, the paper was worth one-tenth its face 
value, in April, one-twelfth, and for all of 1780 and 
1781 only one-fortieth. These rates of exchange are 
carefully figured out at each column total. Besides 
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the captain’s accounts, there are entries in the book 
for several hundred marines who were with the two 
ships. 

The most reasonable explanation of the book’s 
subsequent appearance in the library of the College 
of New Jersey is that it was brought there when 
Congress, driven from Philadelphia by a mutiny of 
unpaid soldiers, spent the summer of 1783 in Princeton, 
holding its meetings in Nassau Hall. It is known that 
the library room, at present the office of the Graduate 
Council, was where Congress met. It is also known 
that one of the chief problems confronting Congress 
was the settlement of Revolutionary accounts, 
including those of the navy. There was at least one 
report during that summer by the Agent of Marine, 
and several committee meetings, and it would have 
been quite logical to have all accounts of the Navy 
Board there for the perusal of legislative committees. 
Six wagon-loads of documents were brought from 
the war office, and it is possible that what was true 
for the army might also have been the case with the 
navy. 

When Princeton ceased to be the seat of national 
government the book was probably discarded, or 
simply overlooked. In any event, it served no useful 
purpose between the time of the navy entries and 
the year 1819, when it was appropriated by the 
university librarian to keep track of borrowed books. 
Each student, faculty member, and administrative 
officer was given a column, at the head of which 
was written his name. Then, in the order in which 
they were borrowed, is a list of all books taken 
from the library by that individual. The record 
was kept in slovenly fashion, in marked contrast to 
the naval accounts, but in almost all cases it is possible 
to decipher the titles, and in this way to arrive at a 
fair estimate of the sort and quantity of reading 
indulged in by these early students. 


Famous Names. 


Of special interest are the columns allotted to 
certain men who later became famous as educators, 
statesmen, and in other walks of life. The names of 
three United States Senators and a Secretary of War 
are included. Of all those mentioned in the book, 
the man most intimately connected with it is John 
Maclean, tenth President of Princeton. In 1816 he 
graduated at the age of seventeen, and with the 
exception of the next two years the rest of his life 
was devoted to the university. The book, covering 
as it does the period from 1819 to 1827, includes the 
years in which Dr. Maclean was successively tutor, 
clerk of the faculty, and professor. As far as the 


ts 


records show, he borrowed about ten books a year 
from the library, but when it is noted that these 
invariably included two or three volumes of an 
encyclopaedia it will be clear that this is no reflection 
on the amount of his reading. In the course of his 
long connexion with Princeton, Dr. Maclean at one 
time held the office of librarian. A loose paper 
discovered in the book refers to this appointment 
and affords further evidence of the authenticity of 
the volume, which throws such interesting light on the 
conditions of university life in America a hundred 
years ago. 


The Best-read Man. 


Judging only by library circulation, the best-read 
Luther Halsey, professor of ‘‘ Natural 
Philosophy, Chemistry, and Natural History.” By 
early training he was a theologian, but he kept in 
touch with scientific developments, and we find him 
in 1823 reading not only philosophy and belles-lettres, 
but also books on electricity, mineralogy, and other 
subjects that were unknown to most of his countrymen. 
He acquired a considerable reputation as a preacher 
and orator, and it is possible that we are eavesdropping 
on the preparation of one of his speeches when we 
note the following books taken from the Library on 
a certain 3rd July: ‘‘ Gordon’s Revolution, Socinian 
Controversy Letter, Johnson’s Green, United States 
Gazette for 1789, Dodd’s Commentary, Guard’s 
Pastoral Care, and the Bible of Martini.’’ 

Other members of the faculty engaged in scientific 
reading, but none of the undergraduates seem to 
have taken any interest in subjects that were 
apparently as remote from their understanding as 
theories of the fourth dimension are from the average 
student of to-day. There was not a great deal of 
difference between the reading of divinity students 
and the others. Cooke’s “‘ Voyages’ seems to be the 
most radical literature known at the time, and it 
was a lucky man who could take a volume of an 
encyclopaedia home with him. 

Many columns reserved for the students are innocent 
of a single record of book-borrowing, though in some 
cases the thrifty librarian merely crossed out one 
name and wrote another in its place. There is one 
case of three McCormicks who graduate] from 
Princeton in 1820, 1822, and 1824. Apparently, the 
first had borrowed no books by the time the second 
one entered two years later, so his first name was 
crossed out in favour of the newcomer’s. This second 
McCormick took out no books, and the name of the 
third was written over the other two. He retrieved 
the family reputation by filling the column ! 
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Research in the 


Linen Industry. 


By W. H. Gibson, 0.B.E., D.Sc. 
Director of the Linen Industry Research Assoctation. 


An exhibition is now on view in London to illustrate the progress of the linen industry, of which the 


vecorded history dates back 7,000 years. 
awatt solution. 


THE linen industry was among the first of the large 
industries to form a Research Association under the 
scheme formulated in 1917 by the Department of 


a high degree of satisfaction. 
expected that changes to revolutionize the finished 





Extensive research is being undertaken, but many problems sitll 
The largest photo-micrograph in the world 1s among the results of this new work. 


of the user must already be met in a way to afford 


It cannot therefore be 


Scientific an In- product will be 
dustrial Research. suggested as the 
The object was to result of further 
establish in_ the scientific investi- 
framework of the gation and 
industry a_ per- discovery. The 
manent institution first step is to 
facilitating by its secure a_ better 
researches and understanding of 
advice the general linen and its 
welfare and processes of manu- 
development of all facture, in the 
branches of the expectation that 
industry. Research this must lead to 
and discovery by Fic. 1 ways of making an 
individuals still SPIRAL, SERUCEURE OF FLAS FESR. already attractive 
f : Microscopic examination shows that each flax fibre is built up of fibrils, about one-millionth of an ie, 
continue, but their inch in diameter, arranged in right-handed spirals. article rather 
work is now cheaper and 


supplemented by co-operative effort. At the present 
time, the Association has staged a comprehensive 
exhibit at the Science Museum, South Kensington, to 
demonstrate the ramifications of the linen industry 
and the scope for research work which exists within it. 

The general plan of the exhibition is to give in the 
first section a survey of all the processes of linen 
manufacture, from the sowing of the flax seed by the 
farmer to the final examination of finished linen 
articles before shipment to the consuming markets. 
This is followed, in the second section, by examples 
of the application of research to these processes, and 
the third section consists of examples of typical 
finished products of the industry. In this way it is 
hoped that the visitor without specialized technical 
knowledge will be able to realize the meaning of the 
various investigations and the value they have not 
only for the industry but for every user of linen. 

It will be recognized that in the case of a well- 
established industry like the linen industry, with a 
recorded history of over 7,000 years, the requirements 


considerably better. Accordingly research during the 
past ten years has followed three broad lines: (a) the 
study of the flax plant as the source of raw material ; 
(6) the critical study of manufacturing processes in 
detail with reference to the effects they produce 
upon the linen fibre; (c) the study of the properties 
of the finished linen fabrics and other goods. 

The structure of the flax plant has been very 
thoroughly investigated by microscopic methods. 
It is found that in a single flax stem of good fibre 
quality there may be 25,000 individual flax fibres, 
averaging one-thousandth of an inch in diameter. 
Their cross-section when magnified is an irregular 
polygon with a small central cavity. Further treat- 
ment with alkalies and pressure before microscopic 
examination of the individual fibre under high 
magnification, shows that it is built up of fibrils, 
about one-millionth of an inch in diameter, arranged 
in right-handed spirals. This structure is shown in 
Fig. r. On account of this spiral structure it has 
been found that when a flax fibre held vertically at 
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the lower end, dries after moistening, the 
free end twists in a clockwise direction. 
This, as it depends on the intimate internal 
structure of the flax fibre, has proved to 
be a reliable method of distinguishing 
flax in any stage of manufacture from a 
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similar fibre, hemp, as the latter has the 
reverse character. 








The 


section of a flax stem is seen in Fig. 2. 


fibre arrangement in the _ cross- 
It will be noticed that the flax fibres are 
found embedded in a layer of soft bast 


tissues surrounding the inner wood, and 











outside them a coat of waxy tissues forms on 
the skin of the plant. The individual flax 
fibres in groups of about thirty form 
distinct 
strands of the flax spinner, and there are 


bundles which are the fibre 


ending 
about thirty bundles or strands passing 
through the cross-section. These structural arrange- 
ments in the flax stem have a bearing upon the strength 
and quality of flax fibre as yet not fully understood. 
of the 


test-piece in 


The cross-section flax stem has been chosen 


as the principal determining the 


selection of flax plants for pedigree strains. For 
this reason the technique of cutting sections of this 


very tough material in celloidin has been thoroughly 









at 





PHOTO-MICROGRAPH SHOWING LEAF-TRACE. 


This section is part of the largest photo-micrograph in the world, and shows a strand 


a leaf-trace. The parallelism of the fibre strands is worthy of note. 


cut and measured during the ten years of this plant 
breeding work. 

The arrangement of the bundles of fibres lengthwise 
in the stem has been studied with similar thoroughness 
by photo-micrographic methods. A single flax stem 
was taken and, after suitable treatment, a slit was 
made through the outer skin and the fibre layer from 
the tip to the root along one side of the stem. The 





developed. Over 12,000 perfect sections, less curved ribbon containing the fibres was then detached 
than one-thousandth of an inch thick, have been from the inner core of wood and placed flat upon 
a long glass strip and mounted 
in the usual way. Photo- 
, AIR SPACE CUTICLE a — ' 
/ micrographs were then taken 
/ 5 ° 
EPIDERMIS at 4 magnification of about 30 
CORTEX in polarized light along the 
Leme- whole length of the strip. 
f | Suno.e From these, some 700 in 
number, the complete photo- 
we, 3 micrograph of the _ fibre 
HARL +e ‘» PHLOER structure of the flax plant was 
+ — built up. It measures 60 feet 
| PERICYCLE “i ' 
mame amend by g inches, and is the largest 
'' SOFT BAST photo-micrograph in the world. 
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Fic. 2. 
CROSS-SECTION OF A FLAX STEM. 
The structure of the flax stem has a bearing on the strength and quality of flax fibre not yet fully understood. 


The fibre arrangement dis- 
closed by this photograph shows 
that the bundles or fibre strands 
may extend the whole length 
of the stem, but that at every 
leaf-trace, where a leaf emerges, 
a fibre strand ends. This 
explains why a greater amount 
of tow or short fibre is removed 
in combing flax with fine pins 
from tip to root than from 
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Fic. 4. 
A CROSS BETWEEN TWO FLAXES. 


The selected hybrid is in the centre and the two flaxes which were crossed are 
shown on each side, the male on the right and the female on the left. 


root to tip, since the pins catch the ends in the first 
case but slide past in the second. A short section 
of this photo-micrograph is shown in Fig. 3 with a 
strand ending at a leaf-trace. The parallelism of the 
fibre strands in the plant is also worthy of note as this 
is favourable to the subsequent operation of spinning. 
The cultivation of the fibre flax crop during last 
century tended to decrease in western Europe but was 
maintained by the Russian peasant. This neglect 
by the advanced agricultural peoples probably 
accounted for the few genetical studies made of the 
plant. This has been remedied to a _ considerable 
extent during the past ten years. Inherited characters 
of the flax plant have been identified and strains of 
flax selected or bred possessing these inherited 
characters to a greater or less degree. Naturally, 
those characters which influence the yield of fibre 
to the flax grower and the quality of fibre for the 
spinner have received most attention. It was fairly 
easy to establish that tallness and early ripening 
were heritable characters, and by selection for height 
the yield of flax was increased by fifty per cent. 
The development of the method of section cutting 
and measurement afforded proof that the fibre content 
of the flax stem was heritable, and this has led to 
strains with an increased fibre content of about thirty 
per cent and increased yield to the flax grower of 
about I00 per cent. Quality is more important to 
the spinner, but here also genetical study has led 
to a variety of approximately twenty per cent better 
quality, other conditions being equal. Fig. 4 shows 
a descendant, the result of a cross of two flaxes 


differing in height and fibre content shown on either side. 

The botanical investigation of the flax plant has 
proved definitely that the flax fibre bundles or strands 
exist in the plant in a parallel arrangement, and 
study of the spinning processes shows that this parallel 
arrangement is demanded for good spinning. It 
follows that investigation of the processes of detaching 
the fibre strands from the flax stem in order to secure 
the maintenance of parallelism most efficiently is of 
great importance. In the past this has been secured 
by the exercise of a very high degree of manual skill, 
particularly in Belgium, in harvesting, retting, and 
scutching the crop, but at the present time research 
is directed to the mechanization of these processes 
to the greatest possible extent and subject to the 
condition that effective parallelism must be main- 
tained. Work is now being done upon these processes 
in a factory capable of dealing experimentally with 
the flax crop from about thirty acres. The scientific 
control of the bacteriological process of loosening 
the fibre strands from the stem is one matter that 
has received much attention. 

In the operations in the spinning mill prior to 
spinning, the fibre strands are arranged in an endless 
ribbon, and this ribbon is successively drawn fine and 
doubled with other ribbons to secure a very fine, 
uniform ribbon. Scientific investigation here has 
taken the form of intensive study of the dimensional 
changes which take place in the fibre strands, and a 
special machine has been devised, the fibre sorting 
machine, for the statistical analysis of the strands 
at all stages of the processes. In the spinning 
operation itself the ribbon of fibres is drawn still finer 
and then twisted, this method giving linen yarn. 





Fic. 5. 
THE WARP DRESSING MACHINE. 


In this machine all the conditions of tension, speed, and rate of drying o1 the 
yarns are controllable. The yarns are dressed with a starch mixture. 
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Investigations are mainly directed towards securing 
the greatest degree of levelness in the yarn and of 
regularity in the twist imparted to it. The measurable 
properties of yarn, such as tensile strength, resistance 
to wear and extensibility, are related to levelness and 
twist. The autographic recording machine traces 
the load-stretch diagrams for yarn. 

In the process of weaving the yarn to be used as 
warp is wound in parallel form upon the beam. These 
yarns are then dressed with a starch mixture to protect 
them during their passage through the loom when the 
weft threads are interlaced to form the fabric. This 
process has been investigated by means of the experi- 
mental warp dressing machine illustrated in Fig. 5. 
In this machine all the conditions of tension, speed, 
rate of drying of the yarn and mode of application 
of the dressing are controllable, and their effect 
upon the degree of the protection afforded may be 
ascertained. The line of approach to research on 
the loom has been to observe the effect of every action 
of the loom upon the yarn passing through it, by 
means of suitable tests which have had to be devised. 

The study of the chemical constitution of the flax 
plant has proved to be difficult but of great interest. 
The clean flax fibre obtained from the harvested flax 
straw is a silky lustrous material of a pale cream 
colour, not susceptible to the attack of retting bacteria, 
but of complex composition. The _ non-cellulosic 
portion is made up of a hemi-cellulose very firmly 
fixed to the cellulose and a smaller percentage more 
weakly linked, possibly by a glucoside linkage. 


Bleaching Problems. 


The chief problem of the bleacher, however, is to 
deal with extraneous matter derived from the outer 
skin of the flax stem. This again is complex in nature, 
containing up to ten per cent of a wax similar to 
beeswax in chemical and physical properties and a 
cutinized cellulose. The use of bleaching powder 
and alkaline hypochlorite by the bleacher has required 
work on the composition of hypochlorites under 
different conditions of concentration and reaction. 
This has resulted in careful control of the processes 
of bleaching. 

In dyeing linen the fast dyes of the vat class are 
principally used, and special study of their application 
to linen has been necessary to obtain even penetration. 
The finishing processes on linen are controlled by study 
of the optical properties of fabrics, such as lustre, 
transparency, whiteness and _ colour. Opticai 
instruments of a specialized type are used. 

The culmination of all the research work is the 
study of the properties of linen fabrics in relation 
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to their different uses. Various tests are used as 
measures of durability and of resistance to laundry 
wear. Studies of this kind influence the design and 
specification of fabrics for various purposes and lead 
to investigations too numerous to mention here. 
It has only been possible to deal with a few of the 
exhibits within the limits of this brief review, but 
it is hoped that readers will feel impelled to take this 
unique opportunity of visiting the Museum and of 
becoming familiar with the linen industry and the 
scientific research connected with it. 








The Wandering of Plants. 
(Concluded from page 401.) 
by one particular kind of conveyance. Much valuable 
information is given on distribution, on the range of 
form and structure and adaptive characters within a 
single genus, on possible lines of evolution within a 
genus or family. In several places, the author uses 
language which lays him open to the charge of assum- 
ing purpose in evolution: he speaks of colours of 


, 


fruits as ‘‘ destined to attract the attention of birds ”’ : 
but, as Dr. Stapf pointed out some years ago, there 
is ‘‘ no proof that a fruit which is fleshy and presumably 
attractive to birds is eaten by them or dispersed by 
them.’’ In another place Dr. Ridley writes: “‘ The 
various forms of fruit which .we see throughout the 
vegetable kingdom have been entirely evolved with a 
view to the dissemination of the seedlings.’’ Dr. Guppy, 
one of the leading authorities on plant dispersal, 
expressed the opinion that “ nature habitually makes 
use of structures and capacities that were originally 
developed in quite another connexion.”’ 

There are twenty-two plates with good drawings 
of fruits and seeds illustrating different means of 
dispersal; they would be more useful if the scale 
of the drawings were given. It is no doubt impossible 
in a book of this kind to avoid repetition, but I venture 
to think that some condensation might be effected 
when a second edition is required. There is a most 
useful bibliography. One wishes that a_ standard 
book of reference such as this could have been published 
at a lower price; it is a volume which will long 
remain indispensable to botanists and others interested 
either in plants as travellers or in the numerous animals 
which serve as carriers. Dr. Ridley has earned the 
gratitude of his fellow naturalists—few, indeed, have 
a knowledge of animal and plant life equal to his—by 
the completion of a gigantic undertaking, which must 
have been also a labour of love, in the busy years 
since he retired from the directorship of the Singapore 
Gardens. 
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British Universities To-day : (10) Durham. 


By Sir Theodore Morison, K.C.S.I., K.C.I.E., D.C.L. 
Formerly Principal of Armstrong College and sometime Vice-Chancellor of the University of Durham. 


Durham is the oldest of the provincial universities of England and will celebrate tts centenary im 1932. 
The University was founded by the liberality of the Dean and Chapter of Durham but owes tts later 
development to the sympathy and support of the great industries on Tyneside. 








In 1832, between the tumultuous debates upon the 
great Reform Bill, the Bishop of Durham laid before 
Parliament a bill to establish a university in 
Durham. The oligarchic mould in which 
English society had rested peacefully for so 
many centuries was just then beginning to crack 
ominously, and the good bishop must have 
heard some wild talk of which he thoroughly 
disapproved, but he certainly had no intention 
of introducing a measure which would alter the existing 
structure of society. The statement which he made 
in the House of Lords was that the Dean and Chapter 
of Durham were prepared to surrender property 
worth {£100,000 for the purpose of endowing chairs 
of divinity, ancient literature, and mathematics and 
readerships in such other branches of literature and 
science as might be required. Durham, his lordship 
thought, was eminently suited to be the seat of a 
university because it possessed well furnished libraries 
and buildings that might be used for teaching and for 
residence. 


A Medieval Setting. 


If the bishop intended to reproduce in the north of 
England the medieval atmosphere of Oxford, he could 
not have found a town more apt to his purpose than 
Durham. High on a rock round which the river Weir 
throws a fantastic loop towers the massive cathedral, 
the finest piece of Norman architecture in Europe. 
Opposite, on the northern slope of the rock, stands 
the bishop’s palace or castle, the fort which protected 
the Palatinate against Scottish invaders ; between the 
cathedral and the palace is an open space, which out 
of deference to its ecclesiastical surroundings should 
be called the Close, but as it was obviously the parade 
ground on which the Prince Bishop reviewed his 
troops it is known as Palace Green. The old town 
climbs the castle hill, and its winding streets and 
narrow alleys are still suggestive of the Middle 
Ages. It was natural that the Bishop of Durham 
should think that this was a suitable site for a 
university which should, like Oxford, devote itself 





principally to the training of Anglican clergymen. 


The only incident which disturbed the passage 
of the bill through the House of Lords was an 
audacious question from “ Radical Jack ”’ (as 
his enemies called Lord Durham), who wanted 
to know whether dissenters would be admitted 
to degrees in the new university. This, of 
course, was wholly out of the question. The 
promoters of the bill had framed the constitu- 
tion of the university, they averred, with the greatest 
liberality ; dissenters might attend lectures without 
being members of the university, if they became 
members of the university they must, of course, 
submit to the internal discipline prescribed and 
attend church service daily ; no religious tests would 
be imposed at the time of admission on those who 
might become members of the university, but only 
on those on whom a degree might afterwards be 
conferred. Obviously the Episcopal Bench was not 
contemplating any considerable alteration in the 
social structure of England, but the university which 
they founded was destined to develop tendencies at 
which they would have stood aghast. 

In that same year, 1832, the medical profession 
in Newcastle-upon-Tyne founded a school of medicine 
and surgery, which twenty years later was associated 
with the university and which in 1870 was formally 
recognized as the seat of the medical faculty and 
named the University of Durham College of Medicine. 
In 1871 a more serious departure was made from 
the conception of the original founders. By the joint 
efforts of the University of Durham and the North of 
England Institute of Mining and Mechanical Engineers, 
a college was founded in Newcastle for the teaching 
of physical science, which assumed the name of 
Armstrong College in 1904. This was intended to be 
the faculty of science in the university. 

At a time when England was groping uncertainly 
after a constitution for her younger universities, 
Durham evolved the ingenious idea of allocating 
different faculties to institutions in different localities, 
a device by which it was hoped to reconcile local 
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ambitions with central control; thus the faculty of 
science was to be placed in Armstrong College, the 
faculty of medicine in the College of Medicine in 
Newcastle, and the faculties of theology, ancient 
literature and music were to have their seat in Durham. 
This distribution of academic functions seemed to 
square very well with certain patent facts. Newcastle 
was the centre of the mining and engineering industries 
on the north-east coast, and their directors were 
becoming increasingly anxious for the assistance which 
science might give to industry ; they therefore wanted 
the scientific teaching of the university to be given 
in Newcastle ; the doctors on their part could point 
out that the faculty of medicine could not be separated 
from the Royal Victoria Infirmary, which provides 
perhaps the finest clinical material in England, and 
there seems an evident appropriateness in teaching 
divinity and the learned tongues beneath the shadow 
of the ancient cathedral. 

But though this allocation of faculties seemed to 
correspond with the geographical distribution of 
interests, it was academically unsound and it has failed 
to endure. Learning is one; it cannot be departmen- 
talized ; owing to the shortness of life a certain degree 
of specialization is inevitable, but no scholar can cut 
himself off from the workers in other fields without 
peril. The pioneers of science who were in the 
‘seventies making so rich a contribution to English 
thought, were sometimes led to think that physical 
science could be sufficient to itself and needed no 
contact with the humanities. But the history of 
knowledge since their time has shown that it was 
their method rather than their special subject which 
was illuminating, and their method has since been 
applied to such borderline subjects as economics, 
psychology and anthropology, which brings us close 
to the confines of the faculty of arts. Armstrong 
College soon found that young men and young women 
could not be nourished on a diet of science only ; 
departments’ of and 
philosophy were added, and in 1909 its students were 
admitted to degrees in arts. 


English, classics, history 


Art and Music. 


It is interesting to note that it is that college of 
the University of Durham which was founded with 
the object of teaching science exclusively which has 
in later years taken the broadest view of educational 
culture. As long ago as 1888 the Newcastle School 
of Art was united to the college and formed the nucleus 
of a regular department ; and now both fine art and 
music are the subjects which students of Armstrong 
College may present for the degree of B.A. 


ee _.. 


In an industrial area like Tyneside the technological 
aspect of science has from the first commanded the 
sympathy of the council of the college. A department 
of mining was established here before such teaching 
found a place in any other university in England, 
and from its foundation this department has kept 
in the closest touch with the industry. To this day 
the output of coal in the northern counties is carried 
out very largely under the direction of former students 
of Armstrong College. Two years ago the efficiency 
of this department was greatly increased by the 
erection of a fine building devoted solely to teaching 
and research in mining engineering. The cost, 
amounting to over {£30,000, was supplied by the 
Central and Northumberland Miners’ Welfare Com- 
mittees, an interesting proof that both the masters 
and the men engaged in coal mining are convinced 
that it is only by the application of science to their 
industry that the northern coalfield can _ regain 
prosperity. When the Prince of Wales opened the 
building he took care to drive that lesson home. 


The Science of Ships. 


Shipbuilding is another industry upon which the 
wellbeing of the Tyne valley largely depends, and for 
this reason there has long been a chair of naval 
architecture in Armstrong College. When Professor 
Welch retired from that chair in 1928 the college 
took counsel with the great shipbuilding firms as to 
the further maintainance of this costly department. 
Economic depression had lain heavily for eight years 
upon the Tyne yards, but the shipbuilders replied 
unanimously that they could not do without a professor 
of naval architecture in Newcastle, and one of the 
directors of the honoured firm of Hawthorn, Leslie 
& Co. undertook the task of securing subscriptions 
from this much depressed industry to support the 
continued teaching of this subject. His exertions 
were crowned with such success that the continu- 
ation of the department was assured, and at the 
suggestion of the shipbuilding firms on the Tyne 
Sir Westcott Abell was appointed to fill the vacant 
chair. 

Armstrong College has other departments of applied 
science : agriculture, electrical engineering and 
mechanical and marine engineering, in all of which 
Northumberland and Tyneside are deeply interested. 
The intimate association of these scientific depart- 
ments with the relevant industries was illustrated 
recently by an inquiry conducted jointly by the 
college and the North-east Coast Institution of 
Engineers and Shipbuilders upon the proper training 
of an engineer. It was common ground to the two 
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parties of the inquiry that (1) an engineer needs a 
severe training in scientific principles which he can 
best acquire at a university ; and (2) that a university 
cannot give the practical experience and exercise of 
responsibility which is indispensable for the direction 
of engineering in the field and the workshop. The 
report subsequently published by the Institution estab- 
lished the lines on which an engineer should be trained, 
and is a document of permanent value to a great 
profession not only in the north of England but 
throughout the Empire. 


Three Colleges. 


The University of Durham thus consists of three 
constituent colleges, of which two, the College of 
Medicine and Armstrong College, are situated in 
Newcastle, and one upon the cathedral hill of Durham 
whence the University derived its appropriate motto, 
Fundamenta ejus super montibus sanctis. Like 
Oxford, the Durham division of the university consists 
of a number of residential colleges, University College, 
Hatfield College, St. Chad’s College, St. John’s College, 
etc., which for academic purposes are grouped together 
under a council. A distinctive feature of the Durham 
division is the residential system inherited from 
Oxford and Cambridge, which has been jealously 
maintained and which has constituted one of the 
most important contributions made by Durham to 
university education in the nineteenth century. 
Of the 466 students now in this division 97 per cent 
reside in colleges under the usual college discipline. 
For many years the principal activity of the Durham 
division was devoted to the training of candidates for 
Holy Orders, but while Armstrong College in Newcastle 
was spreading out into so many new fields of education 
it was impossible for the Durham Colleges to remain 
long satisfied with a curriculum confined to divinity 
and arts. Within the last five or six years they have 
obtained from the university permission to prepare 
students for degrees in pure science, and have erected 
outside the precincts of the ancient city a block of 
laboratories for teaching chemistry, physics, geology 
and botany—a building which by its architecture 
seems designed to mark Durham’s emancipation from 
the medieval tradition. 

The expansion of the curriculum and the erection 
of new buildings are evidence of the healthy progress 
and development of the university, but they are of 
interest principally to academic specialists. What 
is of far greater importance and of national interest 
is the change in the students since the foundation of 
the university. In 1832 a university education was 
still the privilege of the governing classes; Oxford 





and Cambridge were reserved for the sons of gentlemen 
and would not, in those days, have been ashamed to 
avow it. There were then, as there have always been, 
plenty of poor men in the old universities, but they too 
belonged by birth and tradition to that relatively 
small class which did in effect govern England. After 
taking a degree they passed into the learned professions 
or into the service of the State and provided the 
controlling staff of the old order of society. When 
the Dean and Chapter proposed to found a university 
in Durham they contemplated nothing more than a 
new centre in the north of England for educating 
this governing class. But in less than a hundred 
years the students of the university have changed 
beyond recognition ; they now come in large measure 
from a stratum of society in which in those days the 
possibility of a university education was _ never 
contemplated. In Armstrong College something like 
50 to 60 per cent of the students come from working- 
class homes. There are there sons and daughters of 
miners, riveters, fitters, postmen, police constables 
and railwaymen. They started their education in 
elementary schools, passed with free places into the 
secondary schools maintained by county councils, 
and from there they won leaving Scholarships which 
enabled them to read for three years at the university. 
In the springtime of life when they are most receptive 
of new impressions they pass into a larger world ; 
books, music, and even pictures are there in abundance, 
playing tields for the athletes, and the debating 
hall of the Union for the orators. Best and most 
educative of all is the society of a number of eager 
young persons of their own age, with whom they 
discuss everything : religion and sport and politics, the 
merits of the German film and the prospects of Empire 
trade. 


The Students’ Council. 


How does the son of a miner from a pit village bear 
himself in this new world? Exactly like a freshman 
in any university. College life is eminently democratic. 
Personality tells and nothing else. In two years 
in succession sons of miners were elected to the position 
of president of the Students’ Representative Council 
in Armstrong College. And the S.R.C., as it is called, 
is a body with considerable powers over the student 
world ; it apportions funds between the different 
clubs and societies and makes rules which are effectively 
binding. When a young man passes out of the univer- 
sity, after having for three or four years taken his 
full share in the social and intellectual life of his college, 
he will bear himself worthily in any walk of life. If he 
is a man of first-rate ability he may rise to the top 
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of any profession. And, in fact, all professions are 
now open to him. First-rate ability is so rare that in 
a competitive world it never fails to find a market. 
Students of Armstrong College, of whom alone I can 
speak from personal experience, are now passing into 
government service, the professions, and into 
industry. 


Intellectual Aristocracy. 


In twenty years time those of them who have real 
ability and character will rise to positions of command ; 
they will form part of that intellectual aristocracy 
which in different spheres directs the fortune of 
England. This is the the 
Bishop of Durham unconsciously set in motion in 1832. 
It is a consummation which he probably did not wish, 
for he lived in a world which was then stratified in 


social revolution which 


super-incumbent classes, to each of which was assigned 
its appropriate duties. The world which these young 
men are making will be one from which the distinction 
of classes will have disappeared, and with it, we may 
hope, much of the bitterness and jealousy which still 
disfigure English life. 

I have spoken of curricula and buildings and 
students ; what of the dons, proctors and principals, 
the potent, grave and reverend signiors who control 
all this young life? Do they live in the past or 
present? Do they think the thoughts of the 
nineteenth or the twentieth century? In what spirit 
are they preparing the young men and young women 
of to-day for the dangers and difficulties which lie 
before them ° 
quoting one passage out of the address given to the 
students at the beginning of this session (1930-31) 
by the Principal of Armstrong College :— 

‘Our aim is to turn you out from Armstrong College as good 


I can best answer those questions by 


citizens. I will not enlarge on all the qualities which that 


requirement demands ; the qualities of accuracy, thoroughness, 
clear thinking, comradeship, broadmindedness—all these are 
and I hope and believe that your sojourn here and 
your the 
will do much to cultivate such merits in you. 
and valuable as they are, these may all be called the, relatively, 


involved ; 


activities both in lecture rooms and outside them 


But, necessary 
static virtues. I suggest to you that in these days of depression 
and uncertainty like the present what the country chiefly 
needs, what perhaps we all need for our souls’ good, is something 
more dynamic. 

There is no one easy word for the virtue which | have in 
mind; it is not recklessness ; it is not disregard of principle ; 
it is not a denial of well-proved truths; it is certainly not that 
feverish seeking of pleasure and excitement of which one sees 
rather too much to-day. It can be distorted or perverted into 
all or any of these; but they are really corruptions of it, and 
the thing itself is the good element in all of them. 
I am thinking of a willingness to take risks, to tread untrodden 
the spirit 


In a word, 


ways, to pioneer, to push out into the unfamiliar : 


of the spacious days of Elizabeth, of Drake, Frobisher and 
Raleigh. As we know that spirit is still alive in the twentieth 
century. 
hundred feet of the top of Mount Everest ; 
past few days it led fifty brave men to a terrible death in France. 
It animated the heroic ladies who have recently been murdered 
But it also carried Lindbergh triumphantly across 


A year or two ago it cost us two lives within a few 
and within the 


in China. 
the Atlantic and sustained a brave lady successfully on her 
We should not make the mistake 
of judging the value of the effort by its success or failure. The 
were found ready to take 
risks ; what the 
but willing to risk failure for the joy of doing and the sweetness 


solitary flight to Australia. 


great thing is that men or women 


to adventure not knowing end would be, 
of success. 

[ say that we need such a spirit as a people if we are to heave 
ourselves out of our super-incumbent troubles. Perhaps the 
We 
are inclined, and I think justly, to ascribe most of our worries 
the Great War 
There have been very critical times before now 
in human history. Think of the Greeks at Salamis, think of 
the Spanish Armada, think of France in the first flush of the 
after York 


wonder is that its manifestations are as rare as they are. 


and disillusionment to and its appalling 


consequences. 


Revolution, or the Americans Town or Britain 
after Waterloo. 
some great cause, which at one time seemed almost hopeless 
Read the history of the 


days which succeeded such triumphant effort ; 


These were all instances of men fighting in 


and yet in the end was triumphant. 
and whatever 
shadows darken parts of it, you cannot but see that men and 
nations were for some time, in the best sense of the word, ‘above 
They felt thelr powers in an unusual degree. 
the 
There was 


themselves.’ 
They respected themselves more. The air was _ brisker, 
sun was brighter, men trod the earth more lightly. 
a feeling abroad of untried possibilities and a confidence that 
with effort nothing was impossible. 

Why cannot we have that feeling now ? Some of 
the reasons may be obvious enough. 1 suspect, indeed, that 
one thing lacking is the right prophet, and | believe that he 
will come in time. [But I do feel sure that the remedy of our 
discontents and burdens can come only with a certain change 
of spirit, and I want to urge upon you to do what you can to 
bring that change about by cultivating a spirit ol adventure 


and exploration.” 


A Call to Adventure. 


This is a virile doctrine expressed with dignity 


and precision. The Viking blood which is believed 
to run in Northumbrian veins should tingle to such 
a call to adventure, and, indeed, the spirit which 
the Principal of Armstrong College evoked will be 
needed throughout England if the generation which 
is now growing up is to fight its way through the 
difficulties with which it will be confronted. Great 
changes there will certainly be, our staple industries 
may decay and new forms of competition may threaten 
our trade ; but machinery and equipment are matters 
of secondary importance ; as in the days of the sailing 
ships it’s the man behind them that matters. The 
business of the universities is to see to the soundness 
of the human material on which the issue of the 


struggle will depend. 




















Curiosities of Bird Life in Burma. 


By Cyril Hopwood. 


Formerly of the Imperial Forest Service. 


The discovery of the masked finfoot's nest is among the important finds described in this interesting study of 


Burmese birds. 


The author was responsible for taking the first eggs of this rare Eastern bird, and thus 


enabled ornithologists to arrive at a classification which had long been a matter of considerable doubt. 


THE Province of Burma extends from the twenty- 
eighth to the tenth parallel of north latitude, and is 
essentially a forest country. 
the area is under timber, and the altitude ranges 
from sea level to a height of ten thousand feet. As 
may be readily imagined, these factors combine to 
render it a veritable paradise for the ornithologist. 
During a period of twenty-eight years spent in Burma, 
the greater part of the time in the Forest Service, 
I had ample opportunity for making a close study 
of the birds of the country, and devoted all my 


leisure to this fascinating 
occupation, paying special 
attention to the breeding 
habits of the rarer and less 
known species. 

In pursuit of these inves- 
tigations, I was singularly 
fortunate in that my work 
took me to some of the 
wildest and least explored 
parts of this vast area 
during the height of the 
breeding season, which may 
be taken roughly as being 


from March to June, 
although, as is the case 


in all tropical countries, 
found 


month 


certain birds are 


breeding in every 
of the year. This may be 
conveniently divided into 
three 


seasons: the cold 


weather from the end of 
October to February, the 
hot spell from the beginning 
of March to the end of May, 


and the rainy season from 


June to October. The 
breeding “ year’”’ appears 


to start with the turn of 


the season in October, 


In fact, more than half 


start nesting, and 


such as. cranes, 





THE ETERNAL EVERGREEN. 


In the forests of Burma many of the rarest birds are found, and it 
was here that the author discovered the nesting-place of the black jay. 


when such birds as pelicans and the 


from 
of the terrestrial birds are breeding. 


rarious storks 


commence nesting operations, closely followed by the 
eagles and some of the hawks. 
the cold weather, in February, the passerine birds, 
which comprise about sixty-five per cent of the total, 


Towards the end of 


March onwards the bulk 
The waterfowl, 
non-migratory ducks and_ rails, 


commence to breed about July and continue until the 
end of the rainy season. 
Of over twelve hundred species which have been 


recorded as inhabitants of, 
or visitors to, Burma, few 
are of greater interest than 
the parasitic cuckoos, of 
which about a dozen 
different species are more 
or less common in suitable 
localities. Foremost is the 
eastern race of the common 
cuckoo, which occurs as a 
breeding migrant in the 
hill country at elevations 
of three thousand _ to 
five thousand feet, and 
arrives in Burma during 
April. The bird differs from 
the European race only 
in minute technical details, 
and its habits are identical 
with those of the 
well known in 
Mr. Edgar P. Chance 
published the record of his 


bird so 
England. 


work on the cuckoo some 
years ago under the title 
of ‘‘ The Cuckoo’s Secret,”’ 
April, 1928, Mr. 
Oliver Pike contributed to 
Discovery 


and in 
some further 
interesting facts. My own 
observat.ons of the eastern 
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bird entirely corroborate all that 
these two keen naturalists have 
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recorded about the western ohe 
variety, but the birds which PgN ce 


breed in Burma appear to differ 
in laying a much smaller egg, 
and one of a constantly light 
rather resembling that 
Further, 
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colour, 
of an English robin. 
the hens are far less prolific than 
is the case in England, although 
this does not apply to the same 
bird in India, which certainly 
can produce the eight or nine 
eggs, which are considered a fair 


average for the western race. 
Probably the commonest, and 
certainly the noisiest, of the 


parasitic cuckoos in Burma is 
the handsome red-winged crested 
species, a denizen both of the 
hills and plains, which victimizes 
the laughing thrushes. It lays a pure blue, rather 
spherical egg, matching those of its victims in colour, 
and I have often found two, and once three, eggs of 
this cuckoo in laughing thrushes’ nests. 

But even this record is easily eclipsed by the kocl, 
which is parasitic upon the house crow. I once 
found no less than seven koél’s eggs in one crow’s 
nest, apparently the produce of three different koéls. 
There were no crow’s eggs, and I can only assume 
that the hen crow had given up the unequal struggle. 
The koél does not remove crow’s eggs and is further 
peculiar, if not unique among cuckoos, in laying a 
very much smaller egg than that of her victim, though 
in general colour and markings it somewhat resembles 
the latter. The parasitism of the koél upon the crow 
is the more remarkable from the fact that the cunning 
of the Indian house crow is probably unequalled in 
any other bird, and those acquainted with its mentality 
would consider it the most unlikely bird to be imposed 
upon. Yet, when it comes to incubation, the crow 
seems to be perfectly willing to sit upon anything, 
and has even been known to try to hatch a golf ball ! 

A detailed account of the habits of the house crow 
would fill a small volume, and those who are interested 
cannot do better than study the works of “ Ek. H. A.” 
(the late E. H. Aitken), if they desire information 
combined with a keen sense of humour. 
on, therefore, to some notes on the crow’s near allies, 
Several species of 


I will pass 


the jays, magpies, and tree-pies. 
jay are found in Burma, of which Oates’ jay and the 
Burmese jay so closely resemble the English bird in 





A NEST SEVEN FEET LONG. 
This sketch by the author shows the nest of the dusky 
broadbill. It was no less than seven feet in length. 


appearance and nesting habits 
that both the birds and their eggs 
are practically indistinguishable 
except to the ornithologist. But 
a curious habit of the Burmese 
jay is its fondness for breeding 
in colonies. The birds do not 
form a rookery, but if one nest is 
found, it is a certainty that 
more will be discovered 
hundred 
the 
nesting colony will be several 


several 
within an 
yards, 


area of a 
square while next 
miles away. 

In the heavy evergreen forests 
of the extreme south, Tavoy and 
Mergui, the rare black jay, a 
Malayan bird, is to be found. 
It is jet black except for a small 
white patch on the wing, but its 
eggs are indistinguishable from 
those of the English jay. I took 
the first authentic specimens ever obtained, a clutch 
of four, from a nest built in a cane brake amid almost 
impenetrable jungle. The lovely green magpie 1s 
peculiar in the colouring pigment of the plumage, 
which changes from a vivid green to a dull greenish- 
I once met with this blue colour 
I found 


blue after death. 
in life, and shot the bird which I preserved ; 
that the colour remained constant in the dried skin. 
Finally, there are the beautiful little racket-tailed 
magpies, of which the grey hooded species invariably 
places a dome of thorns over its nest, while the black 
magpie makes a semi-pendulous nest, always composed 
of tendrils. 

While on the subject of nesting materials, it is of 
interest to note that certain nests can be identified 
at sight by the exclusive use of a certain material, 
though many birds are extremely catholic in their 
tastes. Thus, the finch-billed bulbul never 
anything but the corkscrew tendrils of a_ certain 


uses 


creeper, and so fastidious is it in its choice that the 
nest can be identified at once from those of other 
bulbuls, which appear to be quite indifferent to what 
they use. Like the English swallow, all the Burmese 
swallows use mud, some building a_ retort-shaped 
nest with a tube as much as two feet in length. 
Austen’s crow-tit plaits together a bright yellow fibre 
to form its cup-shaped nest, and never uses anything 
else, while that weird nightjar of the hills, Hodgson’s 
frogmouth, makes a felt-like pad on the upper side 
of a branch on which to lay its two white eggs. The 
crested swift glues a few pieces of lichen to the side 
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of a twig, just sufficient 
to hold the single egg, 
which the bird incubates 
with its breast feathers 
as it sits on the twig. 
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do not evacuate the nest, 
neither do they molest 
the kingfisher, possibly 
as there is room for both. 
As the large ants of the 


Most highly specialized tropics frequently 
of all are the nests of the attack and devour eggs 
grey-rumped swiftlet, and fledglings of small 
the ingredients’ of birds, and as white ants 
‘birds’ nest — soup,” will eat anything except 
which are pure silvery glass, it is remarkable 
white and are nothing » that the woodpecker and 
but the inspissated saliva ee aol = +f? dips eee ae. the kingfisher can use 
alli to. Soh ——- ory: Sew aS ais i : 

of the birds. Pe LS i ants’ nests for their own 

Other birds, which do THE WHITE-CRESTED LAUGHING THRUSH. nesting operations with 
not ue a spedislined DRS bo wns mento eee = impunity. On the other 
material, will go to hand, some birds 
infinite trouble to obtain some particular embellish- undoubtedly can live in harmony with ants, and 
ment which apparently serves no useful purpose. the golden weavers, for instance, often make their 


The beautiful Penduline tits of the hills, 
a nest 
tit, 
feathers 


which make 
like that of the English long-tailed 
always line their nests with the bright metallic 
of the rare Hume’s_ pheasant, the 
common house myna, which makes a nest of rubbish 
always uses sloughed snake skin as a bed 
for its blue eggs. 


exactly 
while 


in a hole, 
Most of the sunbirds use the dried 
caterpillars to adorn 
purse-like nests, the forktails line their nests 
with skeleton leaves, and the broadbills hang pendulous 
ornaments, even dead flowers, to their 
the way, always full 
of dead leaves, the reason being that the birds pluck 
fresh daily, and place them under the eggs 
while incubation is proceeding, 


droppings of their hanging, 


while 
leaves, twigs, 
hanging nests. These, by are 
leaves 
probably with a view 
to providing moisture. 

Barely a year passes without some unusual nesting 
British being recorded, 
but apart from freak sites, such as the nest of a house 
sparrow, which I once found built into that of a kite, 
of the sites habitually 
are very remarkable. Thus the Rufous woodpecker 
always makes use of the nests of a tree 
lay its eggs. 


sites of our common birds 


some used by Burmese birds 


ant in which to 
Tree ants are extremely common, in fact 
of their daily in the 
forest, and are papier maché spheres resembling wasps’ 
nests. The woodpecker punches a hole, 
a cavity, and lays its eggs in the hollow. 
it eats the ants; at any rate, 


hundreds nests may be seen 
scoops out 

Probably 
ants are never found in 
a nest tenanted by a woodpecker, whose scaly plumage 
is probably impervious to attack. 

The great stork-billed kingfisher also frequently, 
though not invariably, tunnels into the huge mud 


heaps of termites, although in this case the insects 


nests in bushes inhabited by a particularly ferocious 
tree ant, probably obtaining some measure of pro- 
tection from these pugnacious insects. I have never 
able to discover the particular enemy of the 
golden weavers, but they 
form of protection. 


been 
always seem to seek some 
If stinging ants are not available, 
will choose the thorniest bushes they can find, 
and are not even averse from the protection afforded 
by human 


they 


build within a few 
feet of a house if a garden is available reasonably 
near the swampy land which ts their natural habitat. 
British ornithologists are, of course, well acquainted 
with the and the little 
Indian grebe exactly resembles the common dabchick 
in its nesting habits. 


beings, as they will 


floating nests of the grebes, 


3ut the jacanas go even further 


in this direction, merely arranging a few pieces of 


water weed on a lily pad and laying their eggs on it, 


actually in the water. Incubation must be very 
largely due to sun heat, possibly assisted by the 
rotting vegetation, as in the case of the Nicobar 
megapode, whose eggs are hatched entirely by heat 
so generated. Young jacanas can neither swim nor 
dive immediately after hatching, and spend the 
first few days of their lives chiefly on their mother’s 
backs, though after a short time they can submerge 


with the facility of a submarine. The analogy is apt, 
since they do not dive as a duck does, but appear 
simply to sink in the water; they can remain under, 
clinging to the weeds, for a considerable time. 
Oologists in India were baffled until quite recently 
by the spine-tails, members of the swift family, and 
believed to be the fastest-flying of all birds. I have 
seen a falcon stoop at a spine-tail and miss it by 
yards. It has recently been discovered that these 
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birds lay their eggs on the rotten wood at the base 
of hollow trees, entering perhaps fifty feet from the 
ground and descending the chimney. Possibly the 
most peculiar of all in their nesting habits are the 
hornbills. The nesting site is a cavity high up in a 
tree, and when the female has laid her eggs, both 
birds co-operate in immuring the hen by means of a 
viscid plaster consisting largely of the birds’ own 
droppings, a narrow slit only being left through which 
the sitting bird is assiduously fed by her mate. As 
many species of hornbill moult throughout incubation, 
and most of them are incapable of flight during the 
process, the walling-up is probably designed as a 
protection for the hen bird, though one would have 
thought that the beak with its jagged 
mandibles would prove sufficient weapon to enable 


CnormMous 


so powerful a bird to cope with most intruders. 

Of all my experiences, that which gave me the 
greatest satisfaction was the discovery of the masked 
l-astern 


finfoot’s nest. This is one of the rarest of 
birds, belonging to the small and 

aberrant order of the  Helior- 
nithidae, whose only other repre- 
sentatives are a single species found 
in West Africa and two 
inhabiting South America. — [he 
masked finfoot has the head and 
beak of a moorhen, the body and 
legs—which are apple green—of a 
duck, and the half-webbed feet of 
It can run, swim, or fly 
exact 


species 





a coot. 
with equal 
position in systematic classification 


ease, and its 
was a matter of considerable doubt 
before the discovery of its eggs. 
The credit of taking the first nest 
belongs to two of the 
Forest Service, who, acting under 
my instructions, succeeded in dis- 


members 


covering the breeding place of these 
birds in the dismal swamp forests 


at the head of the Rangoon River. Ee 
The nest is like that of a moorhen, es 
placed upon a low branch trailing e 
in the water, and the eggs, six | 


or seven in number, are nearly 
spherical, and beautifully marked, ; 
their colouration placing the bird : 
definitely among the rails. 

While it is impossible in a single § 
article to do more than touch upon | 
some of the more striking pecu- 
liarities of bird life in Burma, 





A THREE-FOOT TAIL. 


The red-billed blue magpie is onlv the size of the 
English species, but its tail is three feet long. 


no account should omit some allusion to the game 
birds, in which Burma is exceedingly rich. Over 


twenty species of duck, mostly migratory, have been 


recorded, while terrestrial game birds are very 
numerous, ranging from the tiny “ button” quail 


to the peafowl and Argus pheasant. During the 
winter, large numbers of migratory duck are to be 
found on the lakes and jheels of the Irrawaddy and 
Chindwin valleys in Northern Burma. I have seen 
the Paungbyin Lake literally black with wildtowl, and 
when the first shots were fired, the noise of their 
wings as they rose from the water resembled the roar 
of an approaching express. Within a 
there must have been fully ten thousand birds in the 
air. Pintail, spot-bill, gadwall, common and Garganey 
teal contribute chiefly to the bag, which in certain 
favoured localities also contains a large number of 
I was once fortunate enough to see 


few seconds, 


grey-lag geese. 
the inward migration of these birds down the Chindwin 
vallev. at the end of October. During the last hour 
of daylight, the skeins were passing 
high over my camp at intervals 
of a few vards, and as far as the 
eve could see up the valley, the 
After dark, 
their gaggling could be heard till 
about nine o'clock meant 
that the birds were streaming in 
hours; this lasted for 
I do not venture to 


air was full of geese. 
which 


for three 
three nights. 
estimate how many birds passed 
down the valley, and the only 
flight I have ever seen to compare 
with this was an endless line of 
storks crossing the Gulf of Suez, a 
procession which continued as long 
as the birds were visible from the 
ship’s deck—almost two hours— 
and it is impossible to say how 
many had gone before or followed 
after. 

Snipe, both pintail and fantail, 
are very plentiful from August to 
March. A peculiarity of the pin- 
tail species is its fondness for 
feeding on insects on bone dry 
ground; the fantail, on the other 
hand, never leaves the swampy land 
with which snipe shooting is ordin- 
Upper 





jae: 
ee 


a arily associated. In_ the 
Chindwin, peafowl occur in great 
numbers, and in the extreme south 


the gloriousArgus pheasant is found. 
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120 Miles an Hour by Train ? 


Lhe demand for faster travel raises the problem of separating fast-moving traffic from slower vehicles etther 


by aerial or subterranean means, 
the problem, 


THE possibility 


by rail is foreshadowed by the recent installation 
of the George Bennie railplane ’’ system at 


Milngavie, near Glasgow. An experimental track of 
slightly over four hundred feet has been erected over 
a disused siding, where successful experiments have 
already been carried out. 

Zeppelin-shaped cars are 

suspended from a rigid 
overhead structure, and 
the means of propulsion 
is provided by © air 
that 
friction may be reduced 


SCTeEWS. In order 


to a minimum, single 
overhead rails have been 
adopted and ball-bearing 


devices have been fixed 


to all rotating parts. 
With one exception, 
there are no new 


principles involved in 


the system, and there 
are, therefore, no un- 
known factors which rise 
require to be demon- ws 
strated. It is intended 

to operate the lines by automatic electric signalling, the 
rotation of the motors being reversed when a clear run 
ahead is not available. The overhead track is carried 
on trestles or columns placed at intervals, and a rigid 
guide rail is provided under each car to prevent undue 
swaying. The bogies have been designed to check any 
tendency of the car to rise into the air. 

Propellers are placed on the front and rear of the 
car and are driven by an electric motor, the current 
being derived from a live rail. Where electric energy 
is not internal combustion engines are 
used, but the power depends, of course, on local 
conditions. In order that the alignment of the track 
may follow the configuration of the land, and thus 
render possible the selection of a track which will 
reduce construction costs to a minimum, the principal 


of suspending the cars at two points from bogies has 


available, 


A new overhead * 
while avoiding the unsafety of the air and the expense involved in constructing tunnels. 


of travelling at 120 miles an hour 





System is designed to afford safe 
goods only, and is not intended to act as a substitute for railways. 


raiuplane ’’ system of transport aims at a solution of 


been adopted. The bogies themselves have a very 
small wheel-base, so that the cars may be capable 
of ascending and descending gradients considerably 
more severe than those met with in the case of railways. 
The inventor points out that it would thus be 
possible to construct the line to follow 

the contour of the land, 

and would dispense with 


closely 


the cost and labour of 
tunnelling. Where 
aesthetic considerations 
render it advisable or 
the construc- 
tion of the trestles and 
overhead work would 
be designed to meet the 
The 
would 
steel, 
conditions 
called for 


necessary, 


requirements. 
structural 
normally be of 
but if the 
prevailing 
alternative methods, 
reinforced concrete, tim- 
ber or a combination 
of the might be 
employed. It is 
gested that an elevated 
roadway or footpath for pedestrians might be provided 
above the railway track. 

The following comparative costs of constructing 
the “ railplane ’’ system as compared with the normal 
type of railway are interesting. It is estimated that 
the cost of constructing one mile of double lines of 
the normal type is £47,500, while the cost of building 
one mile of double lines on the “ railplane ’’ system is 
calculated at £19,000. A double line of tube railway 
costs approximately {800,000 per mile, while one 
mile of double lines of the normal elevated railway 
costs £135,000. The cost of constructing the new 
overhead system, therefore, compares favourably with 
the corresponding expense entailed in the construction 
of normal railways. Painting the structural steelwork 
would be the most important item involved in the 
cost of maintenance, but it is estimated that the 


work 


RAILPLANE AND RAILWAY. 
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expense involved in maintaining the overhead tracks, 
guide rails, automatic signals, stations and accesses 
would not exceed {£300 per mile per annum. Each 
car would be under the control of one attendant, 
and the exit gates and signalling and safety devices 
would be automatically ; wages would 
therefore be maintained at a minimum. 

Assuming that the line were level and that, by 
the use of ball-bearing devices for all rotating parts, 
the friction could be reduced to five pounds per ton 
load, the total friction to be overcome in putting 
a car into motion would be fifty pounds. Assuming, 
in addition, that the car were ascending an incline 
of one in thirty-five, with a minimum horse-power of 
120, the speed which could be attained would be 
With an average horse-power of 


controlled 


50 miles an hour. 
120, and a maximum of 240, speeds of 120 miles an 
hour could, it is claimed, be attained on the level or 
on a decline. 

The “ railplane ’’ system has been devised to meet 
the demands for safe and rapid transport of passengers, 
mails, newspapers and perishable goods. Rapid travel 
is at present confined to air transport, and recent 
events have emphasized the uncertainty with which 
it is still attended. Weather conditions, too, help 
to militate against comfort in air travel, while the 
bulk of an airship necessarily limits its carrying 
capacity. At the same time, it becomes increasingly 
clear that fast traffic must be separated from slow- 
moving vehicles, and the problem calls either for 
aerial or subterranean means. Aerial railways, as 
distinct from the elevated type, have so far been 
confined to the rope system which, while comparatively 
cheap in the initial outlay, is unsuitable for adaption 


Vas a 


f 


A ZEPPELIN CAR. 


The cars are suspended from a rigid structure which is carried on trestles or 
columns placed at intervals. The means of pri ypulsion is provided by air screws. 
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INTERIOR VIEW. 


This view of the interior of one of the cars was taken after a recent test, and 
includes Mr. George Bennie, at the extreme end, and several other railway experts. 


torapid transport. Elevated railways are undoubtedly 
costly, but whether the lines are worked by steam 
or electricity, the cost of travel is comparatively low 
compared with the existing railways. 

The essential requirements of a high speed railway 
track are, of course, absolute safety and comfort at 
all speeds, freedom from lateral oscillation, stability 
which is independent of any mechanism such as 
gyroscopes, and, lastly, that centrifugal and wind 
forces should not be concentrated in a single line. An 
expert recently stated that the normal type of twin- 
track construction does not fulfil the second and last 
conditions, and that the first condition is only complied 
with at speeds not exceeding seventy or eighty miles 
an hour. These conditions would be fulfilled, he said, 
if the track took the form of an upper and lower line 
of rails, one immediately below the other. Whether 
the upper or lower rail were used for carrying the 
weight of the vehicle would be relatively unimportant. 
This authority on railway problems has stated that the 
‘‘ railplane ’’ system fulfils the four conditions required 
as far as can be judged at present. 

The new system is not intended to act as a substitute 
for the existing railways; heavy and bulky traffic 
could not be conveniently dealt with. It has been 
designed to afford safe and rapid transport for 
passengers and light goods. The system is still, of 
course, largely in the experimental stage, and, owing 
to the shortness of the existing track, it has not been 
possible to test the maximum speed of the car. The 
experiments have so far proved highly satisfactory, 
however, and there is little doubt that the installation 
will open up greater possibilities for faster travel 
in the future. 
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Book Reviews. 


lhe \ysterious (Universe. By Str JAMES JEANS. (Cambridge 


l'niversity Press. 3s. 6d. 


It is interesting to speculate on the reason for the universal 
popularity of such scientific books as this. Nothing is more 
certain than its existence. lor example, the remarkable success 
is evinced 
That 
even slight, scientific training should be 


of that beautiful book ‘“‘ The Universe Around Us ’”’ 
by the fact that more than 40,000 copies have been sold. 
the man with some, 
anxious to read modern astronomical and physical books is 
understandable, but the public which demands such literature 
extends far beyond this comparatively small circle. The 
answer 1s probably to be found, not in popular scientific interest 
entirely, but rather in the dominating philosophical curiosity 
which is fundamental in human consciousness. 

Be the cause what it may, it is gratifying that such men 
as Sir James Jeans are available and willing to answer this 
insistant demand. Writers who combine the most profound 
learning with exquisite clarity of expression are very rare: 
but it is only they who should be entrusted with the great 
responsibility, for it is very great, of teaching the true meaning 
and progress of science to the multitudes who seek from science 
an answer to the enigma of life. It is the business of 
the philosopher to answer the question “Why?” It is a 
function of science to tell him from time to time all she knows 
concerning the phenomena of which she has taken cognizance. 
This is the view put forward by the author in his preface, and 
the book is an attempt to explain in simple language the screntific 
significance of the findings of modern physics. 

Sir James Jeans very rightly lays considerable stress on the 
intangibility of many modern scientific views, and points out 
that many words freely used in scientific discussion have nothing 
at all but a mathematical meaning. The space-time continuum 
of relativity, the photon, or energy quantum of Planck, and 
even that familiar concept the electron, are all convenient 
With the advent of 
wireless and the many familiar uses of X-rays it has become 


mathematical images and nothing more. 


customary to discuss wave-motion almost as if it had the same 
objective character as a storm at sea. This habit was all very 
well in the more materialistic days of scientific history, when 
ingenious attempts were made to invest an ether with mechanical 
attributes; but Sir James Jeans shows with undeniable 
reasonableness that the coming of Einstein of necessity meant 
the final departure of the Victorian ether. In its place we have 
now a four-dimensional continuum which is again a mathematical 
abstraction ; it may be thought of, the author suggests, as a 
‘ framework in which to exhibit the workings of nature.”’ 

It is interesting to observe that, in spite of the materialistic 
attitude of the Victorian scientists who sought so assiduously 
for a mechanical explanation of the universe, a great exponent 
of modern science, like Sir James Jeans, expresses practically 


the same view as was expressed by the great Newton. He says 
in his tentative but very charming final chapter: ‘‘If the 


universe is a universe of thought then its creation must have 
been an act of thought, indeed the finiteness of time and space 
almost compel us, of themselves, to picture the creation as an 
act of thought. Modern scientific theory compels 
us to think of the Creator as working outside time and space 
which are part of His creation, just as the artist is outside his 


canvas. Sir Isaac Newton, writing some two hundred and 


fifty years ago, said: ‘‘ The business of natural philosophy 
is to argue from phenomena and to deduce causes from ettects 
till we come to the very first cause, which certainly is 
not mechanical.’’ 

The author is most careful to warn his readers that they 
must not regard modern scientific pronouncements as possessing 
any degree of finality, for he says: ‘ Who knows how many 
more times the stream of knowledge may turn on itself?” 
Maybe the greatest triumph of modern science is that she realizes 
that her conclusions are frankly speculative and uncertain. 

To add conventional words of praise for this book would 
be banal, indeed, it would be almost impertinent. 

V. E. PULLIN. 


Lhe llight fyom Reason. 


wood. 7S. Od.). 


By ARNOLD LUNN. (Evre & Spottis- 


There is no doubt that Mr. Arnold Lunn is a very attractive 
writer and, moreover, is master of a great deal of information. 
The scientific reviewer, however, cannot help wondering what 
it is all about. On the cover of this book we are told that 
Mr. Lunn examines the case against religion as put forward 
B. 5. Haldane. It 
appears to the reviewer that, like Denmark’s queen, the author 


by leading scientists from Darwin to J. 
protests too much. The main portion of the book is given up 
to a spirited vindication of Theism as opposed to Darwinism 
and particularly Charles Darwin. It is difficult to understand 
why such a modest and painstaking scientific observer as Darwin 
should have aroused such able and devastating criticism as 
that launched by the author of this book. To an ordinary 
observer, unlearned in the technicalities of evolution, but one 
nevertheless who takes pleasure in following the history of 
science on broader lines, it would appear that it was [Ernst 
Haeckel rather than Darwin who was responsible for the 
philosophical development of Darwin's teaching, which appears 
to arouse the ire of Mr. Lunn. From the point of view of 
scientific progress, surely Darwinism performed a most valuable 
function as the starting-point of many branches of allied 
observation, quite apart from its effect on any theological 
system or even its own scientific merit. 

Mr. Lunn accuses nineteenth-century science of many evils. 
(here can be no doubt that the materialism which developed 
generally as a result of nineteenth-century scientific activity 
was, according to our present views, deplorable. Nevertheless, 
we must be careful that in condemning one aspect of a vast 
piece of progress, we do not include all the valuable work that 
was carried out during this period. We must remember with 
gratitude the work of physicists like Lord Kelvin, Young and 
Helmholtz, psychologists like Alexander Bain and FE. H. 
Weber, and a host of others who did pioneer work in the realm 
of pure science. 

Unfortunately, in the minds of a great many people, there 
seems to be an inherent antagonism between religion and science. 
But most modern scientists (I hope they do not all fall under 
Mr. Lunn’s displeasure) hold similar views to those expounded 
by Sir James Jeans, and it is difficult in these days to find a 
true scientific atheist. On the other hand, there are many 


>? 


‘genuine agnostics’’ with whom I am relieved to learn Mr. 


Lunn has no serious quarrel. These are men who are content 
to suspend judgment on such weighty matters as the relative 
importance of close religious systems, but nevertheless men 
who seize with avidity upon all valid evidence which may 
help them in their never-ending quest for truth. 
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There is no doubt that Mr. Lunn’s book is interesting and 
makes enjoyable reading, although it contains many statements 
which convey the impression that the zeal of the author outruns 
his sense of proportion. One cannot help feeling that his 
talent would have been wore attractively employed in dealing 
with subject matter of more vital import. 

V. E. PULLIN. 


The Romance of Archaeology. By R. V. D. MAGOFFIN and 
EmiILy C. Davis. (Bell & Son. 18s.). 


‘ 


This book, in the words of the authors, makes “ no pretence 
to the meticulous scholarship that must document every 
statement,”’ and its aim is to interest and amuse the general 
public. With so disarming a preface it would be unkind for 
a reviewer to complain. But the reader at the start should be 
warned that in those chapters of which Mr. Magoffin is the 
author a series of wholly unnecessary blunders will be found. 
Bokhara (p. 25) is not in India; Professor Doerpfeld has never 
maintained that Corfu was Ithaca (p. 28); china was not made 
at Cnossos (p. 103); nor was the bath found at Mycenae the 
authentic Blutbad of Agamemnon. Nor do archaeologists 
accept the coinage of Demetrius Poliorcetes as representing 
the attitude of the Victory of Samothrace (p. 157), while many 
people seriously doubt the attribution of the Hermes of Praxiteles 
as an original (p. 158). Remembering, then, that the authors 
neither claim nor exhibit an accurate knowledge of archaeology, 
we can take the book at its face value, the whole making an 
agreeable volume to read in a train. 

The illustrator who was let loose on the book must surely 
have come from Hollywood ; to see added to a description of a 
silver drachma of Athens the remark that its design ‘‘ has long 
been used as the colophon of Henry Holt and Co.”’, and to read 
‘A King’s Permanent Wave ”’ as a caption for the gold helmet 
of Ur, create a certain doubt in the reader’s mind as to the 
likelihood of the full value of the remains of antiquity being 
realized by the authors. 

But it must be admitted that the chapters on the archaeology 
of America, written in a more sober vein by Miss Davis, are 
simple, clear and interesting, particularly to English readers. 
So, too, the chapter on Norse archaeology and upon that of 
the British Isles is straightforward and tolerably accurate. 

In a book which covers all the most important archaeological 
discoveries of Greece, Italy, Mesopotamia, India, America, 
and most of the European countries, one is surprised to find 
no mention of the astonishing discoveries at Turfan in Central 
Asia or of the expeditions of Sir Aurel Stein. And since 
sensations are the authors’ life blood itself, one is surprised to 
see no mention of the discovery at Delphi fifteen years ago 
of the archaic Omphalos, the true centre of what Mr. Magoffin 
calls ‘‘ the stunning figure of MHellenism.’”’ But for one 
unforgettable phrase I am _ eternally grateful—‘‘ Out in 
Mesopotamia,”’ says our intrepid author, “ B.C. is nothing ! ”’ 

STANLEY CASSON. 


By G. W. GIpEoN, M.A., Lecturer 
(Students’ 


An Introduction to Biology. 
in Biology at Karnatak College, Dharwar. 
Book Depot, Dharwar. Ks. 9). 


For an English reviewer the special interest of this book 
is that it deals with the types used in India by medical students 
of elementary biology. It is pleasantly unfamiliar to find 
Pheretine in the place of Lumbricus and Panulirus—that 


borogrovian etymological curiosity—instead of Astacus. 

The author does not intend this work for a textbook, but 
simply as a laboratory guide to supplement and co-ordinate the 
knowledge derived from lectures. 
being approximately folio size. This format is_ rendered 
necessary by the purpose of the book, which is to present to the 
eye charts of the types opposite to the letterpress. 
diagrams are well drawn and labelled, but it is a pity there is 
not a_ series illustrating mitosis. They should help an 
examination student very materially. The text is accurate, 
though the total omission of excretion under metabolism is 
an omission, and not all systematists admit the Ctenophora 


It is of unusual dimensions, 


These 


as Coelomata. There are an excessive number of printer’s 
errata (e.g., blasocoel, progneata) due to the small centre at 
which the book is printed, but the recurrent Paramoecium 
does not come under this heading. 
impossible in a word derived from the Greek pava mekos. 


Though in no way comparable to Howes’ invaluable Atlas 


Such a spelling is 


for English students, the work should serve its special purpose 
admirably. The author states that he has found that Indian 
students at the end of their course have only acquired a mass 
of undigested and unrelated facts. He hopes by the help of 
the notes in his book to give them a more comprehensive view 
of the subject as a whole. None the less zoology cannot be 
learnt from this or any other book. This book gives the 
necessary facts of biology for a particular examination, so 
arranged that they can be easily remembered and used in an 
examination. Incidentally, as it makes this process easier 
and quicker, so it should set free time for a real study of the 
subject as apart from cramming. 

Whether a cram knowledge of elementary zoology serves 
any more useful purpose for Indian medical students than it 
does for similar students in Great Britain, is the business of 
those responsible for the preliminary education of medical 
men. The whole question of the scope and nature of 
the preliminary biology for medical students seems ripe for 
reconsideration both in Britain and India. 

ARCHER VASSALL. 


Aviation of To-day: Its History and Development. By J]. L. 
NAYLER, M.A., and E. Ower, B.Sc. (Warne. 15s.). 


This fascinating book is more than a mere addition to the 
many historical accounts which have been written about the 
development of aviation. The authors survey the subject on 
very broad lines, and have aimed at presenting the fundamental 
principles upon which flight has been built up and at 
showing how these principles have been applied in the design 
and operation of lighter- and heavier-than-air craft. Finally, 
some of the achievements which have marked the progress of 
flying are described, and the possibilities of the future 
are predicted. The development of aviation is_ traced 
primarily on technical lines, but the story is presented in a 
manner which is interesting and intelligible to those who are 
not experts in flying, and there is a sufficient flavouring of 
historical interest to relieve the inevitable heaviness of some 
of the technical descriptions. The authors have wisely included 
a chapter on aeronautical science, in spite of the essentially 
‘‘popular’”’ nature of the book. Their work would not have 
been complete without it, since probably no branch of 
engineering owes more to scientific research than aviation. 
This chapter is necessarily rather more technical than some 
of the others, but it is certainly one of the most interesting. 
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In view of recent events, the chapter on the flying, handling 
and airworthiness of airships is more than usually topical, and 
the subject is dealt with in some detail. Discussing gaseous 
fuels in airships, it is pointed out that liquid fuel has an advantage 
over gaseous fuel in that the former can be used as ballast in 
Another point to be borne in mind is 
that, should the airship enter an ascending current of air and 
be borne upwards, near the beginning of a flight when the fuel 


cases of emergency. 


bags are almost full, some of the fuel may be lost in expansion, 
just as is the case with hydrogen in the same circumstances. 
This may lead to a considerable reduction in the range of the 
ship. 
liquid fuel will always be carried when the engines operate 
It is not possible, the authors write, in 
the present state of development, to predict what will be the 
standard mode of operation in the future. The efforts to develop 
a practical means of burning a hydrogen and liquid fuel mixture 
When helium is used 
as the buoyancy gas, the problem of avoiding wastage becomes 


Probably, therefore, some reserves of petrol or other 


mainly on gas fuel. 


may, if successful, find some favour. 


more acute, in view of the higher prices as compared with 


hydrogen. In this case, since helium is_ non-inflammable, 


there are only two alternatives known: water recovery and 
the use of gas fuel. The book was already in the press when 
disaster overtook the R. 101, and the accident is not, therefore, 
discussed. The book contains over two hundred illustrations, 


many of which are in colour. 


The Paris Gun. By H. W. MILLER. (Harrap. tos. 6d.). 


Probably the most striking even of the late war was the 
bombardment of Paris in 1918 by the German long-range guns, 
the most familiar of which was “ Big Bertha,’’ or the Paris 
gun. It will be recalled that, in the Treaty of Versailles, the 
allies demanded that one of the long-range guns should be 
delivered with full information concerning its design and use, 
and that neither, in fact, was ever received. This book is the 


ce 


result of ten years’ persistent search in places ‘“‘ which were 
thought safely secret,’ and Colonel Miller “‘ now presents the 
The book 
is yet another addition to an already copious list of war books, 
but it is of considerably more scientific interest than most 
and is a refreshing departure from the conventional mud-and- 
blood account. The excitement in Paris, the experts’ attempts 
to “‘spot’”’ the guns, and the difficulty which they found in 
discovering their position are already well known. The chief 
interest of the book lies in the glimpse which it affords of the 
the planning of the guns, 
the construction of emplacements, the elaborate precautions 
to conceal them, and the careful calculations which had to be 
made in connexion with firing. 

At 7.17 on the evening of 23rd March, the Paris gun fired 
its first shell. A pressure of a million pounds was exerted on 
the base of the shell as it left the muzzle, and within one-fiftieth 
of a second it was travelling at a velocity of one mile per second 
with the energy of a billion foot-pounds. Within twenty-five 
seconds, the shell had attained a height of twelve miles, and 
sixty-five seconds later it was at its maximum height, twenty- 
four miles. At 7.20 the shell burst. ‘‘ Big Bertha’’ was 
unique ; in no previous gun had such instruments as pressure 
gauges been used to discover the probable point in range which 
the shell would strike, or to correct the calculated weight of 
the powder for the next charge. After firing the first shell, 
the gauges were opened, and the cylindrical pellets of copper 


full story of the Paris gun in its proper setting.” 


German side of the operations: 


were removed and measured with a micrometer gauge. When 
the gun was fired, the pressure of the gases forced a piston 
into the copper, thus crushing it slightly. The reduced length 
of the copper pellets indicated the maximum pressure of the 
gases in the gun for the first shot. According to the range 
table, the pressure should have been 59,000 pounds per square 
inch for the corrected range of 67.1 miles, but the gauges showed 
that the pressure had only been 53,800 pounds. Seven and a 
half pounds of powder were therefore added to the variable 
powder charge, and the bag was sewn up for loading a second 
time. This concluded the first day’s long-range bombardment 
of Paris. 


The Wild Grizzles of Alaska. By J. M. HoLzwortn., (Putnam, 21s.), 
Hunting the Alaska Brown Bear. By ].W.Eppy. (Putnam. 15s.). 


Mr. Holzworth has made several visits to the Alaska Islands, 
where he has studied the habits of the grizzly bears, and his 
book throws interesting new light on the temperament of an 
animal about which little is really known. The recent action 
of the Alaska Game Commission in removing all restrictions 
on the slaughter of bears, has prompted the author to make 
a plea for “‘ fair play ’’ on behalf of ‘‘ a courageous and noble 
animal who is widely misrepresented and slandered.”’ The 
book is divided into three parts. The author first describes 
the geographical features of the Alaska Islands, and then passes 
to a classification of the local species and their habits. In the 
third part, methods of taking motion pictures are discussed, 
with some notes on mountain caribou and sheep. 

“It is from his courage,’’ Mr. Holzworth writes, ‘‘ that the 
bear has received a reputation for ferocity.’’ But, according 
to the author, the animal is essentially prudent, and unprovoked 
attack, despite assertions to the contrary, is extremely rare. 
Nearly every instance when a bear has injured a hunter can, 
apparently, be traced to one of five causes. Either the bear 
has been seriously wounded but not, owing to bad markmanship, 
completely disabled, or he has been shot at on a previous occasion 
and consequently regards man as his enemy. A hunter who 
is carrying venison may attract a bear owing to the strong 
scent of the meat, or the animal may be encouraged to give 
chase when the hunter turns and runs from him. Lastly, an 
attack is sometimes due to sudden surprise. 

Mr. Eddy’s book naturally has much in common with the 
first book under review, but there are several well-defined 
differences. Mr. Holzworth was chiefly concerned with a study 
of the psychology and habits of the bear, and his book is therefore 
possibly of more scientific interest than the second book, which 
is mainly an account of a hunting expedition. The first author 
makes a plea for the preservation of the bear, while Mr. Eddy’s 
‘brought home that supreme trophy of the sportsman, the 
pelt of the big brown bear.’’ Lastly, Mr. Holzworth writes of 
the grizzly while Mr. Eddy describes the brown bear. Both 
books are profusely illustrated with extremely bad pictures. 


The Garden of Enchantment. 
4s. 6d.). 


By SYDNEY T. KLEIN. (Rider. 


The title of this little book is, perhaps, sufficient indication 
of its contents. The author has made a life-long study of 
nature in the Fairyland which is his garden, and while the 
book is doubtless primarily intended for children, Mr. Klein’s 
keen observation has enabled him to set down much that will 
be of interest to older readers. 
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A BOOK FOR ALL NATURE LOVERS 


The Baby Bird 


and its Problems 
By W. BICKERTON, F.Z.S. Approaches the 
subiect of bird studv from a new and wider angle. 
It attempts to interpret the observations of the 
field naturalist in the light of the principles of 
elementary biology, and thereby to stimulate 
interest and curiosity in correlating facts from 
their underlying causes. Its thirteen chapters, 
illustrated with 96 photographs, deal inter alta 
with nests, eggs, the development of the chick, the 
protection of the nestlings, their food and ways of 
feeding, the sanitation of the nest, and their 
sufferings’ from the heat. Published at ros. 6d. 
Offered new at 5s. 6d. post free on approval. 
Quote offer 52. 


FOYLES FOR BOOKS, PRI 


119-125, Charing Cross Road, London, W.C.2. 





Special Offer of two books 


by Prof. Julian Huxley 
ESSAYS IN POPULAR SCIENCE 


Aspects of scientific knowledge or experiment 
which must be of close and great interest to every 
reader. The essays include: Heredity, Deter- 
mination of Sex, “‘ Elixir Vitae,” Evolution and 
Purpose. 

ESSAYS OF A BIOLOGIST 

The Essays include: Progress, Biological and 
Other: Sex Biology and Sex Psychology ; Biology 
and Sociology ; An Essay on Bird Mind: Religion 
and Science. 

Published at 7s. 6d. each. Offered new 3s. 6d. 
each post free. On approval. Quote offer 524. 





Christmas Presents 
for people of 
discriminating tastes 


will be found in Foyle’s Illustrated Catalogue 
of Colour Prints, Etchings and Engravings. Par- 
ticulars are given of Beautiful Colour Reproductions 
of the works of old and modern Masters, Old and 
Modern Sporting Prints, Seascapes, Gardens, 
Schools, Dog Studies, Etchings and Mezzotints. 
A copy will be sent gratis to anyone interested 
on application for Catalogue s2P. 
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Build an efficient 


H.T. ELIMINATOR 


at home 


HE advantages of an H.T. Eliminator over 
the now old-fashioned H.T. Battery needs 

no stressing. Up to the present, however, 
efficient H.T. Eliminators have been expensive to 
purchase. It took a good many batteries to make 
up the price of an eliminator. 
That has all been changed with the introduction of 
the Stal H.T. Eliminator Kit for home building. 
With this kit a really efficient eliminator can be 
built after some two hours of interesting work using 
only a screwdriver and a pair of pliers. Explicit 
directions and prints are included in each kit. 
The Stal Eliminator when built gives a steady 
output without fluctuations or hum, ensuring a 
consistently high level of valve and loud speaker 
performance and dismissing for ever the steady drop 
in efficiency which is the most annoying feature of 
ordinary H.T. Batteries. 
The Stal Eliminator is exceptionally “ light’’ on 
current. It therefore not only pays for itself in 
actual cash saved but ensures a complete and endur- 
ing improvement in the performance of your set. 


Write to-day for full particulars. 


A.C. H.T. KITS. 
JUNIOR- Output 140 volts, 20 m/a, 
1 variable tapping ... 42 - 
SENIOR—Output 175 volts, 14 50 
nn) a, 3 Variable tappings ... 60- 

D.C. H.T. KITS. 
JUNIOR—Output 120 volts, 20 m a, 
1 variable tapping ... ~ 30 - 
SENIOR Output 150 volts, 30 m a, 
2 variable tappings .. .. /- 








H.T. ELIMINATOR KITS 


J. FE. SEXTON 


Rugby Chambers, Gt. James Street 
London, W.C.1 


Holborn 1862. 


ARE YOU A 


BLIND LISTENER ? 


Are you content merely to /isten to what is 
being broadcast ? 
Is sound without sight enough for you ? 
Has it ever occurred to you that, although 
fascinating, radio can be made a thousand 
times more absorbing by the installation 
of apparatus which gives you sight by radio ? 
TELEVISION is marching forward surely 
and steadily ; listening without seeing is 
becoming obsolete. It is possible now to 
see and hear by means of wireless. 
THE BAIRD “ TELEVISOR” has made 
this possible. 
THE BAIRD “ TELEVISOR ”’ has reached 
a stage of perfection which enables you to 
connect it to your valve set as you would a 
loudspeaker—and SEE ! 


BAIRD TELEVISION 
HAS COME TO STAY 


Prices for the complete receiver and “ Tele- 
visor,” ‘“‘ Televisor”’ only, or kit of Baird 
branded parts will be sent on application. 


BAIRD TELEVISION LTD, 
133, LONG ACRE, LONDON, W.C.2 


Temple Bar 5401 











IMFORMATION | 
ABOUT 


ELEVISION 


With Television now an accomplished fact, it is necessary 
for every intelligent man to make himself acquainted 
with the outstanding features of this new science. 





THE “ TELEVISION 
“ TELEVISION ” TO-DAY AND 
MAGAZINE. TO-MORROW.” | 


By SYDNEY A. MOSELEY and 
H. J. BARTON CHAPPLE, Wh.Sc., | 
B.S (Hons.), A.C.G.I1., |i 

DL C., A.M.I.E.E. 


This is essentially a book for 
the person who knows little 
or nothing about Television. 
Simply written and free from 
those abstruse technical terms, 
which often mar an otherwise 
good book, even the most 
untechnically minded reader 
can understand it. It is the 
most up-to-date book on Tele- 
vision yet published, and the 
illustrations are good, well- 
chosen and interesting, while 
the diagrams and sketches are 
numerous and clear. Price 


‘TELEVISION,” The 
World’s First Television 
Journal, is the only magazine 
devoted exclusively to the 
subject. It is full of reliable 
information, which will keep 
you intimately in touch with 
the progress of Television 
month by month. Published 
monthly at sixpence per copy, 
or seven-and-sixpence annual 
subscription, post free. A free 
specimen copy will be sent on 
receipt of a _three-halfpenny 
stamp to cover postage. 7s. 6d., postage 6d. extra. 


TELEVISION PRESS. LTD, | 
505, Cecil Chambers, STRAND, LONDON, W.C.2 | 


Temple Bar 8169 
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L.R.M. COMBINED BALOPTICON 
FOR 


OPAQUE AND LANTERN SLIDE 
PROJECTION. 





FULL PARTICULARS anp PRICES on REQUEST 


BAUSCH & LOMB OPTICAL Co. Ltd. 
67, HATTON GARDEN 
LONDON 
mB. &. 3 























(10-inch Slide Rule) a 
a — 1 Hl H2 103 104 HOS HOG M7 HOB 109M 
cu tor 1,.%,!1.! PO. ee 08.87 68.0.6 .6 5.6.8.5 iP AsAARALASSR ASDA RAD DARA LSS 





You can see at a glance the value of the open scales on 
the Otis King’s Calculator, and why accurate results 
to four or five significant figures can be relied upon. 


Almost every kind of calculation dealt with by prof :s- 
sional and business men is rapidly and accurately 
solved with this handy little pocket calculator. 


Multiplication, division, proportion, percentages, 

including both simple and compound factors, are all 

done by a simple operation requiring no prev’ous 

experience in the use of mathematical instrumer‘s. 

Price, packed in leather case, 22s. 6d. each. 
Post free within the U.K. 


CARBIC LIMITED, 
(Dept. D), 51 Holborn Viaduct, 


ndon, E.C.1. 
Agents in mest Dominions and Foreign Countries. 


WRITE TO-DAY 
- for illustrated 
| and fully descrip- 
‘ie tive pamphlet, ! 














H. G. Wells’ 


Masterpiece— 


The Most Sensational Work 
Published in Recent Years 


* THE 
OUTLINE of HISTORY” 


The Story of the World 
Told in Words that Live 
and Breathe 


Never has the gifted author dealt with a theme so 
great, so intensely interesting, so full of wonder, 
adventure, pathos, and even humour, as this 
history of the world. This subject has often been 
regarded as “‘ dry,’ but in the hands of Wells it 
becomes alive, grips the imagination, and leads 
to an understanding of men and things that no 
other subject could possibly impart. 


This New Edition 


The new Edition we now offer has not been merely 
brought up to date; considerable portions have 
been re-written, and made clearer and stronger. 
Valuable sections have been added so as to give a 
complete idea of the development of Music, 
Architecture, Pictorial Art, Sculpture § and 
Literature. And it has been illustrated with 
thousands of fine pictures—reproductions of 
paintings by such masters as Rubens, Velasquez, 
and Van Dyck, sketches by Joseph Pennell, 
hundreds of photographs, etc. Never before has 
a work of this description been illustrated on 
such a magnificent scale. 


FREE 


Send to-day for illustrated brochure 

telling all about this splendid work 

—telling also of our extremely easy 
purchase terms. 


To The Waverley Book Co., Ltd. (33% 
96-97 Farringdon Street, London, E.C.4 


Please send me your Free Illustrated Brochure containing full particulars 
of the complete edition of Wells’ “ OUTLINE OF HISTORY,” also 
information as to your offer to send the complete work for a small first 
payment. 
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EE bccincdndctccdianicdccvcessastotesins aR NS ee eee ETE OT eseesees 
(Send this form in unsealed envelope, 4d. postage, or send P.C.) 


Dy.E., 1930. 














and every requisite for the amateur 
and professional microscopist. 


Reasonable prices— perfection of 
workmanship. 
Stains and Reagents for biological 
work. 
for 


Send Catalogues B. and S. 


Dept. D. 


FLATTERS | and GARNETT, 
309, Oxford Road, Manchester. 
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For Classes in Zoology and Biology. 





Cartilaginous Skeletons prepared. Frogs, Cockroaches and other 
material supplied for Dissection. 


Models illustrating Structure and development of Amphioxus, 
Tadpole and Chick. 


EDWARD GERRARD & SONS, 


COLLEGE PLACE, CAMDEN TOWN 
LONDON, N.W.1. 
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THE STUDY OF CRYSTALS 


A General Introduction 


By T. V. BARKER, Fellow of Brasenose 
College, Oxford. 
181 Figures. 8s. 6d. net. 


The book covers a wide ground by 
such simple exercises and experi- 


ments as are within the 

average school equipment. 

It should meet a long- Send 
felt want among > 
science teachers for Murby s 


Special List of 
Books, Models and 


and be of interest 
to specialists 





Taga other equipment for the 
ces. study of Crystallography. 


THOMAS MURBY & Co., 1 FLEET LANE, LONDON, E.C.4 


BOBBY & CO.. LTD. 


Printers of 
FINE HALF-TONE AND 
THREE-COLOUR WORK 


QUICK SERVICE WITH EFFICIENCY 


Printers of this Magazine. 
Inquiries invited for all classes of Printing. 
Representative will call by appointment. 
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A : MARGATE 120 (Private Branch Exchange). 
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SHORTHAND - WRITING 


Technical, Scientific and General 
Meetings, Lectures and Discussions 
reported, either verbatim or con- 
densed, by expert shorthand-writers 


Telephone : 
HOLBORN 6182 


METROPOLITAN REPORTING AGENCY, 
75, Chancery Lane, LONDON, W.C.2. 








articles made in quantities. 
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FRANCIS EDWARDS, Lis. 


Booksellers 


83, High Street, Marylebone, LONDON, W.1 
Telephone: Welbeck 9221 Telegrams : Finality, Wesdo, London 
Speciality :—Books of Travel, Early Voyages, Explorations, Adventures, 


Natural History and Sport, Geography, Maps, etc., of all the Countries 
of the World. 


Catalogues are issued at frequent intervals, and can be obtained posi 
free on application. 


RECENTLY ISSUED. 
Early Navigators, General. 
Shipbuilding, etc. Atlases and Maps. 


Newspapers, New Zealand. 
Magazines, etc. First Editions. 
Sport. Hawaiiana. 


South and Central America. 
SMALL OR LARGE COLLECTIONS VALUED OR BOUGHT 





ESTABLISHED 1903 


EDUCATION 


Published every Friday. Price 2d. per copy 


THE OFFICIAL ORGAN OF THE ASSOCIATION 
OF EDUCATION COMMITTEES. 


EDUCATION appeals to, and is read by, the officials 
and members of all the Authorities and Teachers 
engaged in the higher and more specialized branches 
of the profession. 
Write for Free Specimen Copy to 
THE PUBLISHER, 
COUNCILS AND EDUCATION PRESS, 
28, Victoria Street, London, S.W.1. 


Ltd., 











MISCELLANEOUS ANNOUNCEMENTS 


[NVENTORS' 100-page Guide on Patents, Designs, Trade Marks throughout 
the world sent post FREE on receipt of 6d. Technical Advertising 
Agency, 253 (G), Gray’s Inn Road, London, W.C.r. 


Television Scanning Discs. 
Inventor’s Models. Patented 
13 Featherstone 


Work of all kinds. 
Special parts made. 
John Salter (Esta. 1896), 
Buildings, High Holborn, W.C.r1. 
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- Neon Tubes. 
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CARNEGIE INSTITUTION 


OF WASHINGTON 


PUBLICATIONS of the Institution present 
in monographic form the results of its own 
research activities, and include a few books . 
on other subjects. 


Nearly 600 volumes have been issued, repre- 
senting studies in the following fields : 


ARCHAEOLOGY HISTORY 
ANTHROPOLOGY LITERATURE 
ASTRONOMY MATHEMATICS 
BIOLOGY NUTRITION 
BOTANY PALAEONTOLOGY 
CHEMISTRY PALAEOGRAPHY 
ECOLOGY PHILOLOGY 
ECONOMICS PHYSICS 
EMBRYOLOGY TERRESTRIAL 
GENETICS MAGNETISM 
GEOLOGY ZOOLOGY 


Descriptive Lists and Prices may be obtained by 
addressing : 


CARNEGIE INSTITUTION OF WASHINGTON 
WASHINGTON, D.C., U.S.A. 


CHINA JOURNAL 


EDITED BY 


ARTHUR De C. SOWERBY, 
F.R.GS., F.ZS. 


MONTHLY MAGAZINE, 

dealing with Science, Art, 

Literature, Iravel and Exploration, 

Engineering, Commerce and _ In- 

dustry, Shooting and Fishing, 

the Kennel and Garden in the 
FAR EAST. 


Annual Subscription 


£15 0 


8 MUSEUM ROAD, SHANGHAI, CHINA. 
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BROOKLYN BOTANIC GARDEN MEMOIRS. 


Volume I: 33 contributions by various authors 
on genetics, pathology, mycology, physiology, 
ecology, plant geography, and systematic betany. 
Price $3.50, plus postage. 

Volume II: The vegetation of Long Island. 
Part I. The vegetation of Montauk, etc. By 
NORMAN TAYLOR. Pub. 1923. 108 pp. $1.00. 

Volume III: The vegetation of Mt. Desert 
Island, Maine, and its environment. By 
BARRINGTON MOORE and NORMAN’ TAYLOR. 
I5I pp., 27 text-figs., vegetation map in colours. 
roth June, 1927. Price $1.60. 


AMERICAN JOURNAL OF BOTANY. 
Devoted to All Branches of Botanical Science. 


Established 1914. Monthly except August and 
September. Official Publication of the Botanical 
Society of America. 

Subscription, $7 a year for complete volumes 
only (January-December). Parts of volumes at 


the single number rate. Volumes I-I7, as 
available, $138. Prices of odd volumes on 
request. Single numbers, $1.00 each, post free. 
Foreign postage : 40 cents. 
ECOLOGY. 
Devoted to All Forms of Life in Relation to 
Environment. 


Established 1920. Quarterly. Official Pub- 
lication of the Ecological Society of America. 


Subscription, $4 a year for complete volumes only 


Parts of volumes at the 


(January-December). 
Back volumes, as available, 


single number rate. 
$5.00 each. 

Single numbers, 
postage : 20 cents. 


$1.25, post free. Foreign 


GENETICS. 


A Periodical Record of Investigations bearing on 
Heredity and Variation. 


Subscription, $6 a year for complete volumes 
only (January-December). Parts of volumes at 
the single number rate. Single numbers, $1.25, 
post free. Back volumes, as available, $7.00 
each. Foreign postage: 50 cents. 


Orders should be placed with 


THE SECRETARY 
BROOKLYN BOTANIC GARDENS 
1000 WASHINGTON AVENUE, BROOKLYN, 

N.Y., U.S.A. 
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H.M. STATIONERY OFFICE 


Offers the following publications of popular scientific interest :— 


AGRICULTURE. 

Report on the work of the Research and Educa- 
tion Division of the Ministry of Agriculture 
for the year 1928-29. 1s. 6d. (1s. 8d.) 

The arrangement of Field Experiments and the 


GEOLOGY. 
Summary of Progress of the Geological Survey of 
Great Britain for the year 1929. 
PartI. 2s. (2s. 2d.) 
Part II. 2s. (2s. 2d.) 


Part III. (Jn the Press.) 
Geology of the Maryport District. 3s. (3s. §d.) 
Geology of Ardnamurchan, North West Mull and 
Coll. ros. (10s. 9d.) 
The Country around Huddersfield and Halifax. 
Cloth. 4s. 6d. (§s.) 


METEOROLOGY. 

The Weather Map. An Introduction to Modern 
Meteorology. 2nd Edition. Limp Cloth. 3s. 
(3s. 2d.) 

Meteorological Glossary: In continuation of the 
Weather Map. 2nd Edition. 4s. 6d. (4s. 11d.) 


MISCELLANEOUS. 

The Movements of the Eyes in Reading. (Medical 
Research Council Special Report Series No. 148.) 
gd. (10d.) 

The Efficiency of Light Wells. 
Research Technical Paper No. 11.) 9d. (10d.) 

The Investigation of Atmospheric Pollution. 
Observations in the year ended 31st March, 1929. 


Statistical Reduction of the Results. (Imperial 
Bureau of Soil Science. Technical Communication 
No. 10.) 1s. (Is. 1d.) 


BIOLOGY. 

The Biological Control of Insect and Plant Pests. 
Is. (1s. 4d.) 

Science Scholarships Examination 1930 (Physics, 
Chemistry, Biology and Geology Groups) 
Examination Papers. 9d. (10d.) 

Locust Control. Third Report of the Economic 
Advisory Council. Cmd. 3642. 3d. (34d.) 

FOOD. 

The Effect on Foods of Fumigation with Hydrogen 
Cyanide. (Public Health and Medical Subjects 
No. 60.) 6d. (7d.) 

FORESTRY. 

Report of the Forest Products Research Board for 
the period ended 31st December, 1929. 4s. 
(4s. 2d.) 

Home Grown Timbers : 
and its relation to Physical Properties. 

3s. 6d. (3s. 9d.) 


3s. 6d. (3s. 8d.) 
All prices are net. Those in brackets include postage. 
May be obtained from the Sale Offices of H.M. STATIONERY OFFICE at the following addresses : 


LONDON : Adastral House, Kingsway, W.C.2. EDINBURGH : 120 George Street. CARDIFF: 1 St. Andrew’s Crescent. 
MANCHESTER: York Street. BELFAST: 15 Donegall Square West. 


(Illumination 


Their Anatomical Structure 
Elm. 


Or through any Bookseller 








QPTICAL PROJECTION LANTERNS & APPARATUS 


For Lecturers, Schools, Colleges, and all who need Illustrations. 


COMPLETE LANTERN OUT- 
FITS SUPPLIED FOR THE 
LARGE LECTURE HALL TO 
COMPLETE WITH tHe SMALL LECTURE 


UNSPILLABLE BATTERY, an oso Need ROOM. 
£9 5 0 : re \AY aa enti 
FILM-SLIDES COST ONLY | ) 

A FEW PENCE EACH AND 

WEIGH } OZ. PER 100 - 

PICTURES. | 7 /* Sm 


THE NEW UNIT PORTABLE 
LANTERN, USING THE 
FILM-SLIDE METHOD. 


LANTERNS FROM £5 0 0 
TO £15 0 0 


ILLUMINANTS TO SUIT 


WRITE FOR LIST D. ALL REQUIREMENTS. 


ACTUAL MANUFACTURERS WITH OVER 70 YEARS’ EXPERIENCE. 
LANTERN SLIDES MADE FROM CUSTOMER’S OWN PRINTS OR NEGATIVES. 
WRITE FOR ILLUSTRATED PRICE LIST AND STATE YOUR SPECIAL REQUIREMENTS. 


W. C. HUGHES & CO, 


ESTABLISHED 
1853 


Specialists in Optical Projection 
BREWSTER HOUSE, 82, MORTIMER ROAD, KINGSLAND, LONDON, N.1. Telephone : Clissold 1122 











Printed by Boppy & Co. Ltp., Margate, and published for the Trustees by Benn Brothers, Ltd., Bouverie House, 1 
Fleet Street, E.C.4. rst December, 1930. 








